
This is a digital copy of a book that was preserved for generations on library shelves before it was carefully scanned by Google as part of a project 
to make the world's books discoverable online. 

It has survived long enough for the copyright to expire and the book to enter the public domain. A public domain book is one that was never subject 
to copyright or whose legal copyright term has expired. Whether a book is in the public domain may vary country to country. Public domain books 
are our gateways to the past, representing a wealth of history, culture and knowledge that's often difficult to discover. 

Marks, notations and other marginalia present in the original volume will appear in this file - a reminder of this book's long journey from the 
publisher to a library and finally to you. 

Usage guidelines 

Google is proud to partner with libraries to digitize public domain materials and make them widely accessible. Public domain books belong to the 
public and we are merely their custodians. Nevertheless, this work is expensive, so in order to keep providing this resource, we have taken steps to 
prevent abuse by commercial parties, including placing technical restrictions on automated querying. 

We also ask that you: 

+ Make non-commercial use of the files We designed Google Book Search for use by individuals, and we request that you use these files for 
personal, non-commercial purposes. 

+ Refrain from automated querying Do not send automated queries of any sort to Google's system: If you are conducting research on machine 
translation, optical character recognition or other areas where access to a large amount of text is helpful, please contact us. We encourage the 
use of public domain materials for these purposes and may be able to help. 

+ Maintain attribution The Google "watermark" you see on each file is essential for informing people about this project and helping them find 
additional materials through Google Book Search. Please do not remove it. 

+ Keep it legal Whatever your use, remember that you are responsible for ensuring that what you are doing is legal. Do not assume that just 
because we believe a book is in the public domain for users in the United States, that the work is also in the public domain for users in other 
countries. Whether a book is still in copyright varies from country to country, and we can't offer guidance on whether any specific use of 
any specific book is allowed. Please do not assume that a book's appearance in Google Book Search means it can be used in any manner 
anywhere in the world. Copyright infringement liability can be quite severe. 

About Google Book Search 

Google's mission is to organize the world's information and to make it universally accessible and useful. Google Book Search helps readers 
discover the world's books while helping authors and publishers reach new audiences. You can search through the full text of this book on the web 



at |http : //books . google . com/ 



\:z\\ '^ 



LECTUEE NOTES 



FOB 



CHEMICAL STUDENTS: 



EMBRACING 



MINERAL AND ORGANIC CJHEMISTRY. 



BT 



EDWARD FRANKLAND, F.RjS., Fo;i. Sec. C.S., 

CORBE8POVDI170 MEMBER OF THE IMPEBI^INSTITtTT^ OF FBANGFB, ; , 
PB0FE880B OF 0HEMI8TBT IN THE BOYAXl IWSTITIJTION * ' ' 

OF GBEAT BBITAIir, AlTD IK THE QOVijXsk&Sn • .' - « 

SCHOOL OF MINES. -. ^.'- 



LONDON: 
JOHN VAN VOORST, PATERNOSTER ROW. 

MDCCCLin. U3 



[7Me r^ht of Translation ts rnttv^?^ 



x\-- 



W"'' I [ ' \ V»{;»rKK«j5i taylob and prancis, 
. . - • • meat MOW COURT, fleet street. 




The contents of this little book are to a great extent a 
traBscript of the notes of my lectures delivered at the 
Royal College of Chemistry during the Winter Session of 
1865-66, These notes have been considerably amplified 
only in the earlier chaptersj on nomenclatm'e, notation, 
and the atomicity of elements — subjects whichj ia their 
modern developments^ have undergone such profound 
changes as to render their somewhat more extended treat- 
ment necessary to the comprehension of the remainder of 
the book. 

To render the work as concise as possible^ aU formal 
description of the properties of the bodies treated of has 
been, for the most part, entirely omitted. Such a descrip- 
tion (which IB moreover easily accessible elsewhere) w^ould, 
even if brief ^ have swollen the book to more than double its 
present size. For the same reason I have been compelled 
to treat the metallic elements in a manner which will 
doubtless seem J to many, unworthy of their impoi'tance ; 
but their number is so great, that any attempt to give 
more than the names and formulse of their chief com- 
pounds wonld have extended the work far beyond the 
limits I had assigned to it. My aim has been to classify 
and systematize rather than to describej and I have endea- 
voured to furnish the student with a kind of skeleton of 
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the science, which it is intended he should himself clothe 
with the already known and daily increasing facts of expe- 
rimental research. To aid him in this, he has the choice 
of numerous standard treatises, amongst which may be 
mentioned Watts's 'Dictionary of Chemistry,' Gmelin's 
' Handbook of Chemistry,' Graham's ' Elements of Che- 
mistry,' Miller's 'Elements of Chemistry,' Odling's 
' Manual of Chemistry,' Gerhardt's ' Traite de Chimie 
Organique,' 'Traite de Chimie Generale' by Pelouze and 
Fremy, Kolbe's ' Lehrbuch der organischen Chemie,' and 
Kekule's ' Lehrbuch der organischen Chemie.' 

I have often noticed with regret the great amount of 
labour which an earnest student expends in noting down 
the reactions and the names and formulae of substances 
which are presented to his notice in the lecture-theatre. 
He is thus greatly interrupted in following the arguments 
and explanations of the speaker, and he often loses more 
important generalizations in securing a record of details. 
One of my chief objects in the preparation of this book 
has been to relieve him from such distractions. For this 
purpose very fall lists of names and formulae are given, 
and a comparatively large amount of space is devoted 
to equations expressing the reactions occurring in the for- 
mation and decomposition of the substances treated of. 

Such being the chief objects of the book, it would 
obviously have been impossible to give in all, or even in 
many cases the reasons which have induced me to adopt 
such views of the constitution of both mineral and organic 
compounds as are either novel or not generally recognized. 
Thus, I am aware that the atomicity which is assigned 
to many of the elements may be called in question; but 
it is hoped that, in thus giving for the first time a thorough 
and consistent scheme of the combining-powers of atoms, 
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the advantages of the simplicity of symbolic expression, 
thereby secured, 'vnll more than outweigh the evil resulting 
from the few errors which future research may reveal. 

Whilst the rapid progress of organic chemistry has on 
the one hand enormously increased the number of organic 
compounds, it has, on the other, revealed new relations 
between the different groups of these compounds, and 
opened up many new paths, both from one group to 
another and from member to member of the same group. 
The relative importance of individual compounds has thus 
gradually diminished in comparison with that of the family 
to which they belong; and the time has now arrived for 
recognizing this condition of things, by so classifying 
organic bodies as to make the description of the individual 
members subsidiary to that of the family to which they 
are attached. The student can thus more easily gain a 
general view of the otherwise almost hopelessly vast array 
of organic substances. 

To illustrate important constitutional formulae, I have 
extensively adopted the graphic notation of Crum Brown, 
which appears to me to possess several important advan- 
tages over that first proposed by Kekule. Graphic notation 
affords most valuable aid to the teacher in rendering intel- 
ligible the constitution of chemical compounds, especially 
when it is supplemented by what may be called the 
glyptic formulae of Hofmann. The system of symbolic 
notation, which I have explained in Chapter III., is so 
framed as to express the same ideas, of the chemical 
ftmctions of atoms, as the graphic and glyptic formulae, 
with which, therefore, it harmonizes completely; whilst it 
enables the student gradually to dispense with the last two 
forms of constitutional notation. 

I am aware that graphic and glyptic formulae may be 
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objected to, on the ground that students, even when spe- 
cially warned against such an interpretation, will be liable 
to regard them as representations of the actual physical 
position of the atoms of compounds. In practice I have 
not found this evil to arise ; and even if it did occasionally 
occur, I should deprecate it less than ignorance of all 
notion of atomic constitution. 

In conclusion, I have much pleasure in thanking my 
assistant, Mr. Herbert M<^Leod, for his valuable help, 
both in compilation and in the revision of the proofs. 
Mr. M<^Leod has devoted much attention to the consti- 
tutional formulae of minerals ; and most of the symbolic 
and graphic expressions for these compounds are from his 
pen. To my assistant, Mr. W. Valentin, I am also much 
indebted for aid in the laborious work of revising proofs. 
In a book which is so fiill of formulse, it would be too 
much to expect entire freedom from errors; but every 
care has been taken to reduce their number as much as 
possible. 

E. F. 



Royal College of Chemistry, London, 
September 15, 1866. 
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CHEMICAL STUDEKia 



CHAPTEE I. 

UrrBODUCTOBY. 

Detikitiok. — Chemistry is tlie science whach treats of the 
atomic composition of bodies, and of those chatiges in matter 
which reault from an alteration in the relative position of 
atoms. 

SiiiPLE jjii) CoMfoUKD Matteb. — AH kinds of matter are 
divided into two great claasea, — simple substances , and coni' 
pound suhstances. A simple substance is one ont of %vhich it is 
impossible to obtain, by any known process, two or more essen- 
tially different kinds of matter. A compound substance, on the 
other hand, is one whicli can be resolved into two or more 
simple substances. The tjimple mib stances at present known 
are sixty-two in number , and are termed elements. By the 
combination of these elements with each other, all the infi- 
nitely varied forms of terrestrial matter are produced. 

Modes op Cuemioal Action. — Matter undergoes chemical 
change in five difieretit ways, viz. :■ — 

lat. By the direct combination of elements or componndH 
with each other. 

2nd. By the displacement of one element or group of ele- 
ments in a body by another element or group of elements. 

3rd. By a mutual exchange of elements or groups of elements 
in two or more bodies. 
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ATOMS ANJJ MOLECULES. 



4th. By the re-arrangement of the elements or groups of 
eleHientu ah-eady contained in a hodv. 

5ih, By the resolution of a compound into its elements, or 
into two or more leas complex compounds. 

Atomic WEi&HT.^Chemists assign to every element a 
number called its atomic weight. This number is made to 
represent, as far as posaibkj^ — 

lat. The smallest proportion by weight In which the element 
enters into or is expelled from a chemical compound, — the 
smalleat weight of hydrogen so entering or leav^ing a chemical 
compound being taken as unity. 

2nd, The w^eiglit of the element in the solid condition which, 
at any given temperature, contains the same amount of heat as 
seven parts by weight of solid Hthium at the same temperature. 
3rd, The weight of the element whichj in the form of gas 
or vapour, occupies, under like conditions of temperature and 
pressure, the same volume as one part by weight of hydrogen. 
The atomic weight of a compound is the sum of the atomic 
weights of its elements. 

The atomic weights of the elements are given in the Table 
at page 6, 

Atoms ANn JIolectiles.— The proportional amount of any 
element represented by its atomic weight, as above described, 
is commonly called an atom of that element. 

Wlien an element is isolated, or separated from every other 
kind of matter, its atoms still exist, except in a few caBes, in 
combination vrith each other. In many instances the atoms of 
isolated elements are associated in pairs when thus combined. 
Such an isolated atom or group of atoms constitutes an elemen- 
taty molecule. 

It follows from v^'hat has been said that the bulk of a mole- 
cule, or the molecular volume of an element in the gaseous or 
vaporous condition, must be the same as the molecular volume 
of hydrogen at the same temperature and pressure, and that 
the mohcular tcmgJii of an element is in a large number of cases 
twice its own atomic weight. 



MOLECITLAR VOLUME. 



Tke following ia a iiat of tLoae elementB whose molecular 
volumeB have been determined. 





Moleoiles 


containing of the element 


/' 


M&natimtic 


Two fttoniB. 
Diaimttie 
Molecules. 


Three &tuniB, 
Tritiiu mic 


Four atoms. 


Six ttUjms. 


Mercury- 
Cadmium. 
Ziiio. 

1 


HTdrogen. 
OxTgen, 
Chlorine. 
Bromine- 
Iodine, 
Fluorine* 
Nitrogen- 
Sulphur. 
Selenium, 


Oxygen (as 
Ozone). 


Pliuspliorus. 
Arsenic. 


Sulphur. 



It will be perceived from the above Table that an element 

aj baye two distinct molecular weights. This is known to 
be the case with oxygen and aulphiir. 

The molecular weight of a compound is, with very few excep- 
tions, identical with its atomic weight. The molecular volume 
or the space occupied h'j the combiniag proportion of a com- 
pound is, with very few exceptionSj equal to that occupied 
by two combining proportions^ or one molecule, of hydrogen. 
Hence the law — equal volumes of all gases and vapours contain^ 
at the same temperature and pressure ^ an equal number of mole- 

les. 

With very few exceptions, therefore, the molecules of all 
compounds, no matter how great may be the aggregate volume 
i of their constituents, occupy, when compared at the same tem- 
perature and pressure, one uniform volume, which is exactly 
the same aa that filled hy one molecule of hydrogen* Thus : 

I 1 of Hydrngen + 1 of Chlorine form 2 of H jdroehlorio add. 

L 1 of Hjdrogt'n +1 of Bromine tapoar *.**..*..,,, „ 2 of Hjdrobromic acid!. 

^^^B2 of MYdrogF^n 4 1 of Sulpbmr yaponr. »» 2 of SiilphiirettL*dHfdrogeii< 

^^^p S of Hydrog:en + 1 of Oxygen „ 2 of Ste'.aio^ 

^^^ S of Hydrogen + 1 of Nitrogen. *..*. 2 of AmiDonia. 

r 4 of HydrogHO + j" of Carbon vapour . , , 3 of Majuli-gae. 

I 6 of Hydrogen +1 of Oxygen ■\'2x of CjMbon vapoui' ,, 2 of Alcohol yapotir. 

' la of Hydrogen. + 1 of Ozjifen +&i of Carboa vapaur „ 2 of AmyUo siocAioV^w^cmT. 
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* CHLOROUS AND BASYLOUS ELEMEXTS* 

Chemical ArrnfiTT,— The force or power wMch holds to- 
getlier the elementa of a compound is termed chemical qfflmtii. 
Elements wMch readily com'bine witli each other, and develope 
much heat on combination, are said to have a powerful affinitj 
for each other. Tlie elemente which thua exhibit towards each 
other a great affinity are pOBseased of widely different properties ; 
and when their compounds are decomposed by an electric cur- 
rent^ the constituents are evolved at the opposite poles. 
Those elementa which, under such circumstances, make their 
appearance at the poutive pole are termed electro-negative or 
negaiive elements, w^hikt those disengaged at the negative pole 
are caOed cleetro-pontive or positive elementa. For reaaona 
which will appear hereaferj the negative are sometimes called 
chloromj and the positive ba»}/lous elements. It must be re- 
membered, however, that the difference between these two 
classes is one of degree only ; they insensihiy merge into each 
other J since the members of both claaaes e^chihit a graduated 
intensity of the positive or negative quality- Thus potassium 
is more positive than sodium, and oxygen more negative than 
sulphur, whilst mercury is negative to sodium but positive to 
iodine. 

The following eight elements are negative or chloroua to- 
wards the remaining fifty-four elements, which are more op 
less positive or basylous :— - 



Fluorine. ' 


Oxygen. 


Chlorine. ^ t 


Sulphur. 


Bromine. 


Selenium, 


Iodine. 


Tellurium 



Although two positive or two negative elements can combine 
together chemically, yet their union is rarely attended with 
such striking phenomena as are manifested when the combi- 
nation takes place between a positive and a negative element. 



XAMES OF ELEMENTS, 



CHAPTER II. 



• CHEMICAL ITOMENCLATITBE. 

The study of every science necessitates an acquaintance with 
the system of names and peculiar modes of expression which 
have heen found most convenient to denote the materials and 
to describe the phenomena which form its objects. Such names 
and modes of expression form the groundwork of the language 
of every science, upon the right employment of which depend 
the precision and accuracy of scientific definition. 

Tbe nomenclature of a science onght to be distinguished for 
its clearness and simplicity; but it is by no means easy to 
secure these conditions in a science like chemistry, where tbe 
rapid progress of discovery necessitates the eontinuid addition 
of new and the irequent alteration of old names. Tlie che- 
mical name of a substance should not only identity and indi- 
vidualisce that substance, but it should also express the compo- 
sition and constitution of the body, if a compound^ to which it 
is applied. The Bret of these conditions is readily attained ; 
but the second is much more difficult to secure, inasmuch as 
our ideas of the constitution of chemical compounds — the mode 
in which they are built up as it were — ^require frequent modi- 
fication. On this account aU attempts to frame a perfectly 
consistent system of cbemical nomenclature have hitherto been 
only partially successfuL 

It has been already mentioned that the number of elements 
at present known is sixty-two. These have received the names 
given in the following Table, in which the twenty-one most 
important elements are distinguished by the largest type, 
those next in importance by medium type, whilst the names of 
elements which are either of rare occurrence^ or of whicli mir 
knowledge is yet very imperfect, are printed in the ymaJleBt 
type. 



CHEMICAL XOXENXLATURE. 



Name. 



Sym-j Atomic 
bol. ' weight. 



ALmnNiuM 

Antimony 

Aesenic 


Al 

Sb 

As 

Ba 

Bi 

B 

Br 

Cd 

Cs 

Ca 

C 

Ce 

CI 

Cr 

Co 

Cu 

D 

F 

G 

Au 

H 

In 

I 

Ir 

Fo 

L 

Pb 

Li 

Mg 

Mil 


27-5 
122 
75 


Barium 


137 


B18MUTH 

BOBON 


208 
11 


BROMINE 

Cadmium 

CaDsium 


80 
112 
138 


CALCIUM 

CARBOK 

Corium 


40 
12 
92 


CHLORINE ... 

CiiaoMiuM 

CODALT 


85-5 
62-5 

58-8 


COPPER 

Didvmium 

FLUORINE ... 

(Hucinum 

(JOLI) 


63-5 

96 

19 

14 

1967 

1 

74 
127 
198 

56 

92 

207 

7 

24 

55 
200 


HYDROGEN ... 

liidiuiii 


IODINE 


llMDIUH 


IRON 


Lanthanium ... 
LEAD 


liithiuui 


M.MlNKSn-M ... 

MANGANESE 
MERCURT . ..< 



Name. 


s>vm- 
bol. 


Atomic 
weiglit. 


Molybdenum . . . 


Mo- 


92 


^jri^vi. 


Ni 

^'b 

N 


68-8 
970 
14 


Niobium 


NITROGEN ... 


Osmium 


08 




199 
16 


OXYGEN 


I'lllADllM ... 


Pd 


106-5 


PHOSPHORUS 


p 


31 


Pi-vriKtM 


Pt 


197-4 


POTASSIUM... 


K 


89 


Rhodium 


Rh 


104 


Rubidium 


Rb 


85-5 


Ruthenium 


Ru 


104 


Selenium 


8e 


79 


SILICON 


Si 


28-5 


SILVER 


Ag 

Na 


108 
28 


SODIUM 


Stbomtium . . . 


8r 


87-6 


SULPHUR 


S 


32 


Tantalum 


Ta 


137-6 


Tellurium 


Te 


128 


Thallium 


Tl 


20-1 


Thorium 


Th 
Sn 
Ti 


231-6 
118 
50 


TiK 


TlTANITTM 


Tungsten 


W 


184 


TJeanium 


V 


120 


Vanadium 


V 


137 


Yttrium 


T 

Zn 

Zr 


68 
65 
90 


ZINC 


Zirconium 



Tlieso oloiuontury subatanees have been long divided into 
two great classes — metah and non-metals, the latter being also 
Homotimos tonned metalloids. The metala are by lar the most 
numorous, the non-metals numbering only the following thirteen 
olomonts: — Boron, Bromine, Carbon, Chlorine, Flnorim^ Hy- 
drogtMi, liHiino, Nitrogen, Oxygen, PhoBpborua, Selenium, 
Silioon, Sulphur. 



NAMES OF ELEMENTS, 



The names of the elements can scarcely be said to have been 
given according to any rule ; many of them are derived ironi 
the most prominent property of the bodies themselves, whilst 
others have a mythologieal origin. An attempt has been 
made to diatingnish the met^s by the termination um, as 
potass! nra, sodium, &c. ; but the common metals, such as gold, 
copper, iron^ 4%c., still retain their original names; and one 
subfe^tance, selenium, which at the time of its discovery was 
regarded as a metal, baa had no change made in its name, 
although further research has divested it of all metallic attri- 
butes. All important group of electro -negative non-metals — 
fluorine, chlorine, bromine^ and iodine — have received the termi- 
nation ine ; three are distinguisked by the terminal syllabie on^ 
viz. carbon, silicon, and boron ; and three others have gen for 
their final syllable, viz, oxygen, hydrogcBj and nitrogen, these 
last names being derived from Grreek words denoting the pro* 
perty possessed by these elements of generating respectively 
acid, water, and nitre. 

When two elementary bodies unite together, they form a 
chemical compound of the first order, to which the naEie 
hinar^ compound has been applied. The names of these com* 
pounds are formed from those of their constituent s^ the name 
of the positive constituent with the terminal iV, or some abbre- 
viation thereof, preceding that of the negative constituent, 
which is made to terminate in itfe, thus :— 

Potas^sium and ^Sulphur form Potassic sulphide. 
Sodium „ Oxygen „ Sodic oxide. 
Silver „ Chlorine „ Argentic chloride. 

Zinc „ Iodine „ Zincic iodide. 

Calcium „ Chlorine „ Calcic chloride. 

But the same elements frequently form with eEtch other two 
compoundB, in which case the one which contains the smaller 
proportion of the negative element is distinguished by changing 
the terminal syllable of the name of its positive constituent 
into ow«, the germinal ic being retained for the Ciom^ofxni^ ^oti- 



I 
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8 CHEMICAL NOMENCLATURE. 

taming the larger proportion of the negative element. Thu a, 

One atom of tin and two atoms of clilorine form Stamioua chloride. ^H 
Ckie atom of tin and four Eitom» of clilorine form Stannic chloride. ^^ 

Sometimes^ however, the same eiements forEi with each other_ 
more than two compounds. In these cases the prefixes h^ 
and ^er are employed aa marks of distinction ; but their uae i 
very rarely required. 

If a binary compound contains oxygeUy and forms an aciJ 
when made to unite with water^ or a salt when added to a ba 
it is termed an anhydride or anh^drotbs acid. Thus, 

One atom of carbon and two tttomn of oxygen form carbonic anhydride. 
Two atomn of nitrogen and five atoms of oxygen form nitric anhydride. 
Two atomH of nitrogen and tbree atonw of oiygen form nitrous anhydride. 
One atom of sulphur and three atoms of oxygen form sulphuric anhydride. 
One atom of sulphur and two atoms of oxygen form sulphuroua aiihydtide. 

In the following caseSj the systematic namea have not dia^ 
placed the trivial and irregular names used for the same sulJ 
stances : — | 

Systematic name. Trivial or irregular name. I 

Hy dric oxide , Water. ^J 

Hy dr ic sulphide Sulphuretted hy dr ogen, ^H 

Hydric sclenide Seleniuretted hydrogen, ^^| 

Hy dr ic telluride ........... , TeDurett ed h y dr ogen, ^^| 

Hydric chloride .,..._ Hydrochloric acid. ^^| 

Hydric bromi de ... Hy drobromic acid. ^^| 

Hydric iodide ... Hydriodic acid. ^^| 

Hydric fluoride .,,., Hydrofluoric acid. ] 

Hvdrie carbide j ^W-gasorlightearburett J 

I hydrogen. ] 

Hydric nitride Ammonia. I 

Hydric phosphide , Phoaph uretted hydrogen. I 

Hydric arsenide Ar senuretted hydrogen . I 

Hydric antimonide An tim on uretted hydrogen. 1 

The term acid was originally applied only to substances poaJ 
sessing a sour taste like vinegar ; but analogy has necessitateil 
the application of the same name to a large number ol' com J 
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pounds which have not this propertj. In the modem accepta- 
tion of the name, an acid may be defined as a compound con- 
taining one or more atoms of hydrogen, which become displaced 
by a metal when the latter is presented to the componnd in the 
form of a hydrate. The hydrogen capable of being so displaced 
may he conveniently termed di^Iaceable hydrogen. An acid 
containing one sneh atom of hydrogen is said to be monohamr, 
two such atoms dibasic^ &c. Acids of a greater basicity than 
unity are frequently termed polyha^ic acids. ^ 

Thus nitric acid gives, with sodie hydrate, sodic nitrate : 

ENO,,H -h ONaH = NO.JSTa + OH,. 
K itHc Acid. Sodie hjdrftte. Sodlc nitrate. W^ater. 

Sulphuric acid gives, with potassic hydrate, potassic sulphate : 
80,11, + 20KH = SO^E; + 20H,: 
Sulphuric BcidL Potsftaic hydrate PotasHic sulphate. Water. 

I and hydrochloric acid gives, w^th potassic hydrate, potaanic 
chloride : 



¥ 



HCl + 

Hydroohloric 
actid. 



OKH = 


= KGl 


+ 


OH, 


Potassic 
hydrate. 


Potaflaio 
dilondo. 




Water. 



When an acid contains oxygen, its name is generally formed 
by adding the terminal ic either to the name of the element 
with which the oxygen is united, or to an abbreviation of that 
name ; thus Bulphur forms, with oxygen, sulphuric acid ; nitro. 
gen, nitric acid , and phosphorus, phosphoric acid. But it 
frequently happens that the same element forma two acids 
with oxygen ; and when this occurs, the acid containing the 
larger amount of oxygen receives the terminal ayDable ic, 
whilst that containing lesa oxygen is made to end in ous. 
Thus we have sulphurous acid, nitrous acid, and phosphorous 
acid, each containing a smaller proportion of oxygen than that 
necessary to form respectively sulphuric, nitric^ and phosphoric 
acids* 

In some instances, however, the same element forms more 
than two acids with oxygen, in which case the two Greek words 
hypo^ under, and Aj^er, over, are prefixed to the Trnta^fc o^ \?ev^. 
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acid* Thus an acid of Hulphur containing less oxygen than 
sulphurous acid is termed hjpoaulpliuroaH acid ; and ^lother 
acid of the same element containing, in proportion to sulphur, 
more oxygen than sulphilrous acid and less than aulplinric, 
might he named either hypersulphurons acid, or hypos ulphuric 
acid ; hut the latter term haa been universally adopted. The 
prefix ^^r is frequently substituted for h^per\ thii^ in the case 
of chlorine, which forms the following four acida with ojygen, 
viz. hypochloroufl acid, chlorous acid, chloric acid, and hyper- 
chloric acidj the latter is generally named perchloric acid ; but 
per can only he used as a prefix to the acid containing the 
largest proportion of oxygen. 

Some acids do not contain oxygen amongst their constituents, 
but eonsist of sulphur or hydrogen united with other elementR. 
This peculiarity of composition is expressed in their nomen- 
clature by the prefixes mdpho or mlpk, and ktfdro or ht^dr : thus 
sulpharsenic acid and sulphostannlc acid deuote acids composed 
respectively of aulpbur, hydrogen, aod arsenic, and sulphur, hy- 
drogen, and tin ; whilBt the names hydrochloric acid and hydri- 
odie acid are given to acids composed, the first of hydrogen 
and chiorine, and the second of hydrogen and iodine. The 
terminals ous and ic are also applied to those acids in exactly 
the same manner as to the oxygen acids : thus we have sulph- 
arsenioua and sulpharsenic acid, the latter containing a 
larger proportion of sulphur than the former; hut the appli- 
cation of the second of tliese terminals has not hitherto beei 
found necessary in the case of hydrogen acids, since no elc 
ment has yet been observed to form more than one acid wit 
hydrogen. 

The term anh^drid^ or anhifdrous acid is applied to the reaidi] 
obtained by the abstraction of water from one or two tDolecule 
of an oxygen acid. Thus^ 

SO,H, - OH, = SO,: 

Sulphtinc Bcid. Wfttner. Sulphuric ftnhydriile. 




2N0,H - 

Nitnc ftcid. 



OH, 

Water. 



= N,0, 

Nitrio naliydride. 
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The term hose is applied to tliree classes of compounds, all of 
hich are converted into salts by the action of acids. These are — 
1st. Certain compounda of metals witli oxygen, snchas Bodic 
oxide (Na^O), zincic oxide (ZnO), &c. 

2nd. Certain compounds of metals with the eompound radical 
hydroxyl (HO), snch m Bodic hydrate (OHNa or Na(HO) % 
zincic hydrate {Zn(HO)Jj &c. 

3rd. Certain compounds of nitrogen, phosphorus, arsenic, 
and antimony, such as ammonia (NHa), 

There are also some organic compounds to which the name 
"base 18 soEietiniea given, but which are not included in the 
ahove clasHes , it is, however, unnecessary further to allude to 
them here. 

The hasea of the £rst class are named in accordance with 
the rules already given for compounds of two elements. The 
following bases, however, still retain their irregular names : — 
Systematic narnes. Irregidar naraes. 

Baric oxide Baryta. 

Strontic oxide Strontia. 

Calcic oxide . . . , Lime. 

Magnesic oxide Magnesia. 

Aluminic oxide Alumina. 

Grlueinic oxide Grlncina. 

Zirconic oxide Zirconia. 

The names of the bases belonging to the second class are 
rmed by changing the terminal syllable of the metal into ic 
or om^ and the word hydroxy 1 into hydrate. Thus CBssium and 
hydroxyl ibnn ciesic hydrate (Cs(HO)} j barium and hydroxy 1, 
baric hydrate^ (Ba (HO)^); and iron and hydroxyl, ferric by- 
drate(Fe,(HO),). 

A few of these bases have trivial or irregular names, which 
are almost invariably used instead of the systematic names :— 
SyBteraatic namos. Iri?egulttr iia>mes, 

Potaasic by drate Potash . 

Sodic hydrate ,. . Soda. 

Lithic hydrate , . Lithia. 
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The bases of the third clasa are distiiiguished by the terminal 
Kyllahle ine, except Bitrine, (KHj), which retama its trivial 
name ammonia. These bases belong abnost exclusively to the 
department of organic chemiatry, and their nomenclatui^ could 
not be advantageously discnssed here. 

It has been already mentioned that by the mutual action of 
an acid and a base upon each other, a mlt is produced. If the 
salt be free from oiygen and sulphurj like common salt, (I^aCl), 
it is termed a h&hid salt ; if it contain oiygen it is termed an 
oxifsalt ; and if this oiygen be replaced by sulphur, it is distin- 
tinguished as a mlphomli. 

The haloid salts are named according to the rules for binary 
compounds above given, thus : 

Name. Formula* 

Sodic chloride NaCL 

Calcic iodide Calg. 

Ferrous bromide FeBr^, 

Ferric bromide , FegBrg. 

Oxysalts are divided into normal^ acid, and hmic, 
A normal salt is one m which the displaceahle hydrogen of the 
acid (see page 9) is all exchanged for an equivalent amount of 
a metal or of a positive compound radical. 

The following examples will serve to iUustmte thin definition 
of a normal, or as it is sometimes incorrectly called, a neutral 
salt, the displaceable atoms of hydrogen in the acid, and the 
metal by which they have been displaced in the salt, being 
printed in italics : — 



Acid. 



Normal selL 



wT ,, ^ 'J Ten II f Sod ic nitrate.. XO^iVa. 

^ L Calcic nitrate.... {^0^),^Ca' 

Sylphuricacid SO,^, fPotaBsic solpliate ...... SO^. 

I Caldo Bulphate S0^ Ca". 

„, , . ., ^rt rr r Potaasio phosphate ... PO-JT,, 

Phosphono acid PO,^^ l^i- i J^ -n^ ^ ^^ . 

^ 13 I Cftlcio phosphate (PO _^\Ca/' 

Hypophosphoroua add -. VO,^M^ff . . . Sodic hypophmphite . . PO„H.,iVa. 

Phoaphorotifl acid. ,.,..... POgBLE, . , . Potassic phosphite . . . PO,HiL\, 
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Acid* 

Mctaphosphoric aojd , 
Pjropbo^pkoric amd . 



Nordhausen sulphuric 
acid 



Unknown acid . 



Normal salt. 
VO^H ...... Lithic metaphospbat^ . PO^Xn'. 

P^O^//^ ,.. CtUcic pyraphoaphate ., P^p^ftj^- 

Sodic bisulphat© ^O 

Potaaaio bichromate . 

K 



[CtO,H 



. o 

[CrO,i 



An acid salt k one in which the displaceahle hydrogen of the 
acid is onl^ pariiaUi/ ejcchanged for a metal or posit we compound 
radical. 

The following examples illustrate tlie constitution and nomen- 
clature of these salts :— 



Acid. 
SulpbuHc acid . . 
CarbonitJ acid ,. 






Phosphoric aeid... PO^^ 



Acid salt. 
Hydrio sodic aulphato ,.„„ SO^^iVa, 
Ilydric potsunsic carbonate. . CO ^IlK. 
Ilydric disodic pbof*phate. . ¥OJINa.,. 
Dihy dr 1 c sod i c pb Oi^pba te , „ PO^ H.^Na. 
Microcosnii e salt ............ PO^ H{NEi )Na, 

(M jdrio Aiomaiuc sodio phoaphatf ^) 



eid salts are produced almost exclusively from polyhasic 



WTten the n^imher of bonds* of the metal or compound positive 
radical contained in a salt exceeds the number of atoms of displace' 
able hydrogen in the acid^ the compound is usually termed a basic 
salt — aSj for instance, 

^^^ Acid. Basic salt. 

^rbonicacid CO^ffA^f'^''^^' C0.H,O</'- 

{ Blue eupnc mrbonate CgO^H^Cws . 

bulphurieacid ^^ ^MT^^^th mineral S0>^/ 

These and most, if not all, other haaie salts do not differ 
essentially in their constitution from the normal and acid salts. 
This will be seen from the arrangement of their atoms given 
under the different metals entering into their composition. 

* For an explanation of this term see Oiap, III. p. 18. 
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The nomenclature of organic bodies is founded upon the 
same principles as that of inorganic compoundB j but its discus- 
&ion could not be conveniently introdufed here. 



CHAPTEE III. 



CHEMICAi NOTATION. 



Symbolic Notation. — Every element is represented by a 
symbol, which is frequently the initial letter of the name 
of the element ; but as in some cases the names of two or 
more elements begin with the same letter, it is necessary to 
distinguish them hy the um of a second letter in small type, 
which is either the second letter of the word, or some other 
letter prominently heard in its pronunciation ; thus carbon, 
cadmium, cobalt, and cerium all hej^io with the same letter ; 
but they are distinguished hy the symbols C, Cd, Co, and Ce. 
In the use of the single letters, the non- metallic elements have 
the preference ; thus oxygen, hydrogen, nitrogeo, sulphur, phos- 
phoruSj boron, carbon, iodine, and fluorine are expressed by the 
single letters 0, H, N, S, P, B, C, I, and E ; whilst the metals 
osmium, mercury, nickel ^ strontium, platinum, bismuth, cobalt, 
iridium, and iron are symbolized by two letters each ; thus Os, 
Hg (hydrargyrum), Ni, Tfc, Bi, Co, Ir, and Ee (ferrum). In 
the selection of the single letter for other cases, preference is 
given to the most important clement ; thus sulphur, selenium, 
and silicon are aD non-metallic elements, beginning with the 
same letter, but anlphur being the most important, the single 
letter 9 is assigned to it ; whilst selenium and silicon are de- 
noted respectively by Se and Si. 

The symbols of compounds are formed by the simple juxta- 
position of the symbols of their constituent elements. Such a 
group of two or more symbols is termed a chemical formula. 
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Thus: J 

Argentic chloride *^^diiii,,..^»-Ai.. AgCl. |J 

Zincic oxide „.,....*, , ,,.. ZnO* ^^ 

The symhols not only represent the elements for which they 
are used, but they also denote a certain definite proportion by 
weight of each element- the formula HC], for instance, does 
not merely denote a compound of hydrogen and chlDrine, but 
it signifies a molecule of that compound containing one atom 
(I part by weight) of hydrogen, and one atom (355 parts by 
weight) of chlorine. ^Yhen, therefore, the molecule of a eom- 
ponnd contains more than one atom or combining proportion 
of any element, it is necessary to express such fact in the for- 
mula : this is done by the use of a coefficient placed after the 
symbol of the element : , 

Zincic chloride ZnCl,,. I 

FeiTie chloride ..,,, Fe^CIg. , 

Stannous chloride 8uClj. I 

Stannic chloride ,.... SnCl^, 

When it is necessary to denote two or more molecules of 
any compound, a large figure is placed before the formula of 
the compound ; such a figure then affects every symbol in that 
formula : thus SSO^H^ means three molecules of the compound 

The changes which occur during chemical action are expressed 
by equations, in which the symbola of the elements or compounds, 
as they exist before the change, are placed on the lell, and 
those which result from the reaction on the right. Thus, taking 
an example from each of the five kinds of chemical action 
above mentioned, we have 

(1) Zn + CI, = ZnCl,. 

Zinc Ciiloriae. Zincie chloride. 1 

(2) 2HCI + Na, = 2NaCl + H,. 

HjdPMhIoritj add. Bodiuin* Bodio cbJorkle. Hydrog't'D, 

(3) SO.Cu + (NO,),Ba = SO^Ba + (NO,Y,C^i. 

Cupric stdphjite. Bwic nitrmte. Bivric sulpUaW. Cu^r^ti^'iVt^^^. 
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(4) 
(fi) 



(CN)O(NII,) 



N,H,(CO). 



20H, = O, + 2H,. 

Water. Qiygen, Hjtltojifen. 



The Bign -f , aa seen from the foregoing examples, i& placed 
between the foraiuloe of the molecules of the diticrent substances 
which are brought into contact before the reaction, and of 
thoae which result from the change. Thia sign must never be 
used to connect together the constituents of one and the same 
chemical compounds 

The sign — is onlj very rarely used in chemical notation, 
but when employed it has the ordinary signification of abs- 
traction ; thuB, 



SO,H, - 

Salphimc acid. 



H,0 = SO,. 

Water. Siilpliiiria iuilijdnde. 



Use of the hrae^et.— The bracket has been employed in 
various aenses in chemical formulae ; but in the following pages 
it is used in notation for one purpose only, viz. for expressing 
chemical combination between two or more elements which 
are placed perpendicularly with regard to each other and next 
to the bracket in a formula. Thus in the following cases, 



I. 



II. 



rciL cool 

Jo Ba i 

[ CH, COO J 



the formula No. I. signifies that two atoms of carbon 
directly united with each other, No. II. that two atoms of ca" 
bou are linked, as it were, together hy an atom of oxygen, the 
latter being united to both carbon atoms, whikt in like manner 
No. III» expresses the fact that one atom of osygen in the for- 
mula of the upper line is linked to another atom of osygen in 
the fornmla of the lower line, by an atom of barium. 

Use qf thick letters. — Ah a rule, the fomiulsc in this hook are 
60 written as to denote that the element represented by the 
first symbol of a formula is directly united with aD the active 
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bonds of the other elements or compound mdicale following 
upon the same line : thus the formula SO^Ho.^ (sulphuric aeid) 
signifiea tliat the hexad atom of sulphur is combined ^vitli the 
four bonds of the two atoms of oxygen^ and also with the two 
honda of the two atoms of hydroiyl. Such a formula ia termed 
a raiional formula*. 

Occasionally, however, owing to the atomic arrangement of 
a compound not being known, its formula canuot be written 
accordiiig to this rule ; and in order to prevent such more or 
leas empirical formul<jB from being mistaken for rational for- 
mulifij the first symbol of a rational formula will always be 
[>rinted in thick type whenever the element has more than one 
bond. It deserves also to be mentioned that, as a rule, the ele- 
ment having the greatest number of bonds will occupy this 
prominent position. Thus, 

Sulphuric acid SO^Ho^. 

Water ,.., OH^. 

Nitric acid , NO^Ho. 

Microcosmic salt , „ . POHoAmoNao. 

Atomioity of ELEMENTS.^It has been already stated that 
the atomic weight of an element is the amallest proportion 
by weight in which, that element enters into or is expelled 
from a chemical compound. The atoms of the various ele- 
mentSj the relative weights of whicb are thus expressed, 
exhibit very different values in chemical reactions. Thus an 
atom of zinc ia equivalent to two atoms of hydrogen ; for when 
zinc is brought into contact with steam at a high tempera- 
ture, one atom of zinc expels from the steam tw^o atoms of 
hydrogen and occupies their plaee^thus, 

OH^ + Zu = OZn + H,. 

Water. Ziitcic oxide. 

Again, when zincic oxide ia brought into contact with bydro- 
cliloric acid, the place of the zinc becomes once more occupied 

♦ For further inforniation on this subject aw AroMiciry of Elemksts 
below. 
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hj hydrogen, but two atoms of hydrogen are found to be neces- 
sary to take the place of one atom of zinc : 

OZn + 2HC1 ^ ZnCl, + OH^. 

Zindc oxide. HydrtjichJoHe acid, Zincic ehlondiv Water. 

In like manner one atom of boron can be Bubstituted for 
three atoms of hydrogen, one atom of carbon for four, one of 
nitrogen for five, and one atom of sulphur for no lesa than six 
atoms of hydrogen. 

To give a concrete expression to these facts, the atom of 
liydrogeo may be repre rented aa having only one point of 
attachment or bond by which it can be linited with any other 
element, zinc as having two such bonds, boron three, and so 
on. Thus the atoms of these elements may be graphically 
represented in the following manner : — 



Hydrogen 
Zinc 



©- 

-<S>- 

¥ 

-^^ 

Nitrogen ,.. JS^ 



Boron . 
Carbon 



Sulphur 






In symbolic notation, the sanie idea is conveyed by the use 
of dashes and Roiiinji numerals placed above and to tlie right 
of the symbol of the element ; thus, 

Hydrogen ,. H', Carbon C^ 

Zinc Zn", Nitrogen N^, 

Boron ,.., B% Sulphur S^ 

'No element, either alone or in combination, can exist with 
any of its bonds disconnected ; hence the molecules of all eh- 



Phosphorus Pj. 
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ments mth an odd ntimher of bonds are generally diatomic^ and 
always polyatomic \ that is, they contain two or more atoms of 
the element united together. Thus, 

Symbolic. Graphic. 

Hydrogen H^ (u\ — (h) 

Chlorine Cl^ — 

Nitrogen N/ 0=® 

0=0 

¥ 111 

©=© 

An element with an even numher of bonds can exist as a 
monatomic molecule, its own bonds satisfying each other. 
Thus, 

Symbolic. Graphic. 

Mercury Hg" (%^ 

' Cadmium Cd" r®'^ 

Zinc Zn" r®-\ 

It is nevertheless obvious that such an element may also 
exist as a polyatomic molecule. Oxygen furnishes us with an 
example of this ; foj*, in its ordinary condition it is a diatomic 
molecule, and '^n the allotropic form of ozone, a triatomic 
molecule : 

Symbolic. Graphic. 

Oxygen O," (2>==® 

©-© 
Ozone 0," \ / 

© 
This combining value of the elementary atoms is usually 
termed their atomicity or atomrjlxvng povoer. An eVemenX. >i«SJCtv 
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one bond ia termed a monud^ with two bonds a dj/ad, with three 
a triad, with four a tetrad^ with five a pentad, and with six a 
he:rad. Elementa w4th an odd number of bondB are termed 
perissads^ whilst those with an eyen number are named artiads. 

In order to avoid the tmneceasary nse of atomicity-marks in 
symbohc notation, I shall never attach them to a monad or to 
oxygeHj whieh, it must be remembered, is always a dyad. Neither 
will the atomicity-coetficient be attached to the tetrad element 
carbonj in the formulae of organic bodies, unless this clement 
plays the part of a dyad — au occurrence of extreme rarity. 
When not otherwise marked, thereforej carbon must always be 
underatood to be a tetrad. 

It will alao, as a rule, be unneeeBsary to mark the atomicity 
of the elements which are expressed by symbols in thick type, 
because their atomicity is clearly indicated by the sum of the 
atomicities of the elements or compound radicals placed to their 
rights or connected with them perpendicularly by a bracket. 
Thua in the formula 

each atom of carbon ia united with three atoms of the monad 
chlorine, w^hilst the bracket indicates that the two atoms of 
carbon are also united, thus stamping C as a tetrad element. 

From what has just been said with regard to carbon, it is 
evident that the atomicity of an element is, apparently at least, 
Dot a fixed and invariable quantity : thus nitrogen ia sometiraea 
equivalent to five atoms of hydrogen, aa in amnionic chloride, 
(N^H^Cl)j sometimes to three atoms, as in ammonia (X"'Hjj), 
and sometimes to only one atom, as in nitrons oxide (N^O). 
But it is found that this variation in atomicity always takes 
place by the disappearance or development of an even u umber 
of bonds : thus nitrogen is either a pentad, a triad, or a monad ; 
phosphorus and arsenic, either pentads or triads j carbon and 
tin, either tetrads or dyads * and sulphur, selenium, and teUu- 
rium, either hexadsj tetrads, or dyads* 

These remarkable facts can be explained by a very simple 
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and obvious aaaumption, yiz, that one or more pairs of bonds 6c- 
longing to one atom of the mm^ element can unite and, having 
saturated each other, become^ as it tvere^ latent. Thus the peotad 
uitrogeu becomes a triad wheu one pair of its bonds becomes 
lateutj aud a monad when two pairia, by combination with each 
other, are, in like manner, rendered latent, — conditions which 
ma}' be graphically represented thus : — 

Pentad. Triad. Monad. 

)k ^ ^^ 



And in the case of sulphnr : 

Hexod. Tetrad, 






u 



Dyad. 



Adopting tbia hypothesis, it will be convenient to diatinguish 
the maximum number of bonds of an element aa its absolute 
atomicity^ the number of bonds united together as its latent 
atomiciti/, and the number of bonds actually engaged iu linking 
it with the other elementi! of a compound as its active atomicity. 
The sum of the active and latent atomicity of any element must 
evidently always be equal to the absolute atomicity. Thus in 
sulphuric acid (S^'O^Hoj) the absolute and active atomicities 
are both =Ti, therefore the latent atomicity ==;0. In sulphu- 
rous acid ("S^^OHoj,) the active atomicity =ir, and conse- 
quently the latent ^vi— iv^ii j whilst in aulphuretted hydro- 
gen (*'^S"H3) the active and latent atomicitiea are respectively 
II aud IV. 

The apparent exceptions to this hypothesis disappear on 
investigation ; thus iron, which is a dyad in ferrous compounds 
(as FeClj), a tetrad in cubical pyrites (FeS^"), and a hexad 
in ferric acid (FeO^IIo^), is apparently a triad in ferric chlo- 
ride (PeClg); but the vapour-density of ferric chloride shows 
that its formula must be doubled — that, in fact, the two atoms 
of the hypothetical molecule of iron (FeJ have not be^n toisx- 
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pletely separated. The formulae of the ferrous and ferric 
chlorides and of ferric acid thea become 



Sjmbolic. 
Ferroua chloride, , *Te"CL. 



Eemc chloride ,.. "Te''',C], 



Graphic. 

n 

(5HSH2) 




Again, mercury is apparently a monad in inercurous chlo- 
ride (calomel, HgCl) and a dyad in mercuric chloride (cor- 
rt>sive suhlimate, Hg"ClJ; hut there are strong reasons for 
believing that the formula of calomel ought to he doubled^ in 
which case mercury would assume the dyad form in both com- 
pounds : 

Mercuroiia chloride ,.. 'Hg'^Cl 



Mercuric chloride 



Hg-Cl,. 



(H>-©-@Hg) 
©-<5HD 



It will be remarked that the number of bonds supposed to 
be combined with each other in the atom of iron in ferrous 
chloride is expressed in the above symbol by the atomicity 
numeral rv placed to the left of the symbol, whilst the analo- 
goos union of three bonds of each atom of iron in ferric chlo- 
ride is expressed by the three dashes"^ to the left of the symbol 
Pe^. I shall not, however, use these coefficients of latent ato- 
micity in the case of the single atom of an element, the student 
being supposed to have made himself ac^juainted with the abso- 
lute atomicity of every element as eipressed in the Table at 
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page 32. For a similar reaaon, it will also rarely be necessary 
to express the same idea in graphic notation : thus, for instance, 
ammonia will be drawn 



c«>|-© ''''""' &^-® 



It will be neceBaary, however, to employ tliese coefficients in 
symboljc formuliBj where two or more atoms of the same ele- 
ment are joined together under sueh circumstaneeH, that the 
number of bonds uniting them cannot he found by subtracting 
the coefficient of active atomicity from the absolute atomicity 
of the clement^ as in hydric persnlphide ('S.^HJ,for instance, 
whicii might otherwise be viewed as '"S'^Hj, or ^S'^H^, 

In rare cases, in whicli oxygeo links together two elements 
or radicals in the same line, a hyphen is placed before and 
after the symbol O, thus ; — 

rCH.-0-CMeO 
tCIi;-0-CMeO" 



Graphic Notatiok.— Tliis mode of notation, although far 
too cumbrous lor general use, is invaluable for clearly showing 
the arrangement of the individual atoms of a chemical com* 
pound- It is true that it expresses nothing more than the 
symbolic notation of the same compound, If the latter be wTitten 
iiud understood as above described ; nevertheless the graphic 
1 brni affords most important assistance, both in fixing upon the 
mind the true meaning of symbolic formula?, and also in making 
comparatively easy of comprehension the interual arrangement 
of the very complex molecules frequently met with both in 
mineral and organic compounds. It is also of especial value in 
rendering evident the causes of isomerism in organic bod.\fe*&. 
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Graphic notation, like the above method of symbolic notation, 
is founded almost entirely upon the doctrine of atomicity, and 
consists in representing, graphically, the mode in which every 
bond in a chemical compound is disposed of. Inasmuch, however, 
as the principles involved are precisely the same as those already 
described under the heads of symbolic notation and atomicity 
OF ELEMENTS, it is Unnecessary here to do more than give the 
following comparative examples of symbolic and graphic for- 
mulae : — 

Symbolic. Graphic 

Water OH,. 0-<2)-© 

© \ 

Nitricacid NO^Ho. (nWoV-(hi 

ToJ 
Ammonic chloride NH.Cl. ©-(n)-0 

fH) @ 

Sulphuric anhydride SO3. ( s tit o ) 

Sulphuric acid SOaHo,. (h)-{o)-(s>-(o>-{hi 

[oj 

Carbonic anhydride COa. (2)^^©^^^® 

Potassic carbonate COKo,, ©-©-©-0-® 
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Graphic. 

© 

©-©-® 

© 




Sjmbolic, 
Marsh-gas............ CH^. 



AmmoMC carbonate,COAmo^ 



Zincic nitrate 



It most be carefully borne in mind that these graphie for- 
mula are intended to represent neither the shape of the mole- 
cnlea, nor the relative position of the constitnent atoms. The 
lines connecting the different atoms of a compound, and which 
might with equal propriety be drawn in any other direction, 
provided they connected together the same elements, serve 
only to show the definite disposal of the bonds : thus the for- 
mula for nitric acid indicates that two of the 
three constituent atoms of oxygen are com- 
bined with nitrogen alone, and are conse- 
quently united to that element by both their 
bonds, whilst the third oxygen atom is com- 
bined both with nitrogen and hydrogen. 

The lines connecting the different atoms of a compound are 
but crude symbols of the bonds of union between them ; and it 
is scarcely necessary to remark that no such material con- 
nexions exist, the bonds which actiially hold together the atoms 
of a compound being in all probability, as regards their nature, 
much more like those which connect the members of our solar 
system. 

It may also be here mejationed that graphic, YVke srjTcto^^c. 
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formulsp, are purely etatical representations of chemical oom- 
pounds, tliey take no cognizance of the amount of potential 
energy associated with the different elements. Thus in the 
fonnula? for mar ah -gas and carbonic anhydride, 




(2X2X2) 

© 

Marsli-gaa, Carbonic anhydride, 

there is no indication that the molecule of the first compound 
containa a vast store of force, whilst the last is comparatively 
a powerless molecule. 



CHAPTER IV. 



COMPOtJNB EADICALS. 



The term compound radical may he applied to any group of 
two or more atoms, which takes the place and performs the 
functions of an element in a chemical compound. In practice, 
however, it ia only applied to any auch group when the latter 
is met with in numerous chemical compounds. 

An element is a dmple radical, and enters into combination 
in tlie following manner, a, 6, c^ and d being monad elements^ 
a' a dyad, a" a triad, and d^ a tetrad element i — 

a + h=-ah^ 

&c. &c* 

A group of elements replacing «, a", or a"' in the above equa- 
tions is a compound radical^ as in the following examples. 
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(a-br 
{t^bcY 



+ h=(a!'b)h 
-^2b={a"hy% 
+ b=(a"bc)b, 

+ 2b=(a'^bcy\ 
+ b^(a^^bcd)i 



Tlie group of elements (a"5) constitutes a, compound monad 
radical equivalent to one atom of hydrogen or chlorine. The 
group (a" 'by is a componnd dyad radical, &c. It is there- 
fore evident that a polyad element is essential to every eom^ 
pound radical ; in fact a componfid radical conMisU of one or 
more atom^ of a polyad element in which one or more bond-s are 
unsatisfied; and it is either a monad^ d^ad, tn'^d, ^c. radical, ac- 
cording to the number of monad atoms required to satisfy its 
acime atomicity. Such a Fadical, when a monad, triad, or pentad, 
cannot exist as a separate atom ; like hydrogen or nitrogen, 
when i&olated, it combines with itself, forming a diatomic mole- 
cule. It is only by the union of two atoms that the vacated 
bonds can in these cases be satisfied. 

From the above definition of a compound radical, it is evi- 
dent that an ahnost infinite number of auch bodies must exist ; 
for in the compounds of eveiy polyad element it is only ne<^s- 
sary to vacate successive bonds to create each time a new com- 
pound radical. Thus marsh-gas (CHJ minus one atom of 
hydrogen gives the compound radical methyl (CH^); minus two 
atoms of hydrogen, it forms methylene (CHj)", and by the 
abstraction of three hydrogen atoms it is transformed into the 
triad radical formyl (CH)'"; but, except in a few cases, it is 
not advantageous thus to incorporate^ as it were, ccmpound 
radicals, which, instead of simplifying notation and nomencla- 
ture, would, if thus multiplied, only embarrass them. Ko 
compound radical, therefore, ought to receive a recognition as 
such unless it can be shown to enter into the composition of a 
large number of compounds. 

The following are the names and formulae oi t\\e (^\et mcnt- 

c1 
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gaoie compound radieals recognized in tlie notation of this 
book : — 





MolfKruIu- farmiil«. 


Atomic formulBB. 


Abbrrviatrd 
■tonuc fonnulK. 


Hydroxy! ,.,. 


.... (HO), 


HO 


Ho. 


HydrosulphyL 


.... (HS), 


HS 


Hs. 


Aramomum . 


(NHJ, 


NH, 


Am 


Ammonoxyl . 


.... (NH.O), 


NH,0 


Amo. 


Amidogen ,.,, 


.- (NHJ, 


NH, 


Ad. 



In addition to these, certain componnds which nietaJs form 
with osygen are also regarded as compound radicals^ — for 
instance, 



MqIccuJbt 



Potassoxyl (KO), 

Zincoxyl ......... (ZnO,) 



Atomifl 
fanaulffi. 

KO 



[o 



Abbryviated 
atomic formokei. 

Ko. 

Zno^ 



The e&aential character of these last compound radicals is 
that the whole of the oxygen they contain is united with the 
metal by one bond only of each oxygen atom, as seen in the 
following graphic formulaB :— 

Hydroxyl _0_0 

PotasBoxyl , _^oy_Q 

Zincoxyl ., ^/oWz^Wo\- 

The metal thus becomes linked to other elements by these 
dyad atoms of oxygen. The functions of such compound radicals 
will be fluffieiently evident from the following examples of 
compounds into which they enter, and in which their position 
is marked by dotted lines. 



Nitric acid 



1-©-© 
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Potassic sulphate 



Baric nitrate 



Zincic sulpliate 




It is not necessary to dignify all these metallic compound 
radicals with names ; the chief point of importance about them 
is their abbreviated notation, in which the small letter o is 
attached to the symbol of the metal, the atomicity of the radical 
being marked in the usual manner. It must be borne in mind 
that the number of atoms of oxygen in any radical of this class 
depends upon its atomicity : thus a monad contains only one 
atom of oxygen, a dyad two, and a triad always three atoms of 
oxygen. The use of any but monad and dyad metallic compound 
radicals is very rare. 
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CHAPTER V, 

ATOMIC JLSjy MOLECtTLAB COMBIlfATION- 

IiT aU tbe eases of chemical combination considered in the 
above Chapters, a union of atoms has been invariably contem* 
plated. This atomic union is generaOy attended by the breaking 
up of previously esistiDg molecules^ — two such molecules, by 
the mutual exchange of their atomic constituents, producing 
two new and periectly distinct molecules. Thus when chlorine 
unites with hydrogen to form hydrochloric acid^ a molecule 
of chlorine and ono of hydrogen yield up their comatituent 
atoms, forming two molecuLea of hydrochloric Acid, 

Cl,+H,=2HCh 

In comparatively rare cases, two molecules combine to form 
only one new molecule ; thus a molecule of carbonic oxide and 
oae of chlorine combine to form one molecule of carbonic 
oxydichloride or phosgene gas : but the union is even here 
essentially atomic ; for after combination both the oxygen and 
clilorino are directly united with the atom of carbon ; 

C'^0 + C], = C'^OCV 

Carbonio oxide. Chlorine. PhofigeDe gi^a. 

Chemists are, however, compelled to admit an entirely dif- 
ferent kind of union, wliich not unfrequently occurs, and which 
may be appropriately termed moleculetr union or molecular com- 
hi nation. In the formation of such eomponnds, no change takes 
place in the active atomicity of any of the molecules. It is 
this kind of combination w^hich holds together salts and their 
water of crystallization, aa, for instance, 

Sodic chloride crystallized at — 10° C NaCl, 20H,,. 

Sodic bromide eryfitallized below +30°C....NaEr, 2011^. 

Sodic iodide cry staDized below +50^ C NS.1, 20H.^, 

Alum , ...S,0,('Ai;"0„rKo„240Hj. 
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The researches of Tyndall upon the absorption of radiant 
lieat by different vapourSj render it more than probable that 
aqueous vapour does not consist of an assemblage of single and 
separate molecnles of the compound OHj^, but of groups of 
these molecules of great complexity , united without contraction 
of volume- 
Numerous other instances of molecular combination might 
be adduced ; but it ia only necessary here to point out that such 
molecular unions will be distinguished from atomic combi- 
nations by the use of the comma, as in the above and following 
^■examples : 

^^L Tetramethylammonie tri -iodide WTVIe^ Ij I,. 

^^P Tetrametbylammonic pentiodide NTMe^ 1, 21^. 

^H Tetramethylammonic iodo-dichloride .NMe^I, CLj- 

^^ In all cases molecular combination seems to be of a much 
more feeble character than atomic union ; for, in thelirst place, 
such bodies aregeneraUy decomposed with facility ; and secondly, 
the properties of their constituent molecules are markedly per- 
ceptible in the compounds » Thus the above so-called perio^ 
dides of the organic bases present in appearance great resem- 
lanoe to iodioe- 




CHAFTEE YI. 

CLASSIFICATION OF ELEMENTS^ 



baa already been mentioned that the elements may be 
Prided into two great elasBcs^ the metals and the non-metals 
or metalloids. A second division into positive or basylous and 
negative or chlorous elements has also been explained. A 
third and still more important elassilication is founded upon 
the atomicity of the elements. In the following classified Table 
all three methods are embodied, the metalloids being printed 
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in red type, and the metals in black, whilst the positive or 
basjrlous elements are printed in Boman characters, and the 
negative or chlorous in italics. In addition, the different 
classes are also divided into sections, consisting of elements 
closely related in their chemical characters. 



Monads. 


Dyads. 


Triads. 


Tetrads. 


Pentads. 


Hezada. 


l8t Section. 
Hydrogen. 


1st Section. 
Oxygen. 


1st Section. 
Boron. 


1st Section. 

Carbon. 
Silicon. 

Titanium. 


1st Section. 

Nitrogen. 

Phosphorus. 

Arsema 

Antimony. 

Bismuth. 


1st Section. 

Sulphur. 

Selenium. 

TelluHum. 


2nd Section. 

FlMorine. 
Chlorine, 
Bromine, 
Iodine. 


2nd Section. 

Barium. 

Strontium. 

Calcium. 

Magnesium. 

Zinc. 


2nd Section. 
Gold. 


2nd Section. 

Tungsten. 

Vanadium. 

Molybdenum. 


2nd Section. 

Thorinum. 
Niobium. 
Tantalum. 
Zirconium. 

yUnTnininm. 




8rd Section. 

Cflerium. 

Bubidium. 

Potassium. 

Sodium. 

Lithium. 


3rd Section. 

Didymium. 
Lanthanum. 
Yttrium. 
O-lucinum. 


ard Section. 

Osmium. 
Iridium. 
Buthenium. 
Bhodium. 


8rd Section. 

Platinum. 
Palladium. 


4th Section. 
Chromium. 

Iron. 

Cobalt 

Nickel. 

Uranium. 

Cerium. 


4th Section. 

Thallium. 
Silver. 


4th Section. 

Cadmium. 
Mercury. 
Copper. 


4th Section. 
Lead. 



CHAPTER VII. 

WEIGHTS AND MEASUBES. 

The weights and measures employed in this book are chiefly 
those of the French decimal system. The following Tables, 
published by Messrs. De la Eue and Co., will enable the 
student to convert these into their English equivalents when- 
ever this may be necessary. 



WEIGHTS ANB MEASUEES. 
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French Meamres of Length, 



\ 

t 


InSngliBli 


In EneliBh 
inches. 


In Enfflieh 
fardi=»feet. 


In Engbik 
feet. 


InEn^liih 

miJM= 
neoyardi. 


MiUimfetfe ...... 

Centimetre „..., 
PdcimfetPe ...... 

M&tre 


0-03937 

3-9^708 

39'3707& 

3&3-7079O 

3&37i>790» 

a&370T9000 

3B»707 -90000 


ooa32ai 

0<l^i809 
0-33SW0 
8'280B9ft 

828<k89ft» 
33tiO'89SiW 
HSSOS-ftflSOtKi 


owiooa^ 
i-OBJsesai 

l(H**363310a 

io&3-6a.?iooo 
losaj'saioooo 


0000546§ 

0^)0546»2 

(K»54flSia 

05468165 1 

G-4«dl65& 

54-6816550 

546-5165500 

5468-1655000 


0"OD00006 

(Hx»oooas 

(H]000fi2l 

(M)06213fl 
0SW21382 
0-6213824 
6^198344 


D#duakre ...... 

Hectometro...... 

KilomHre ...... 

Mjriomfrtre , 


I inch =2539054 centmiitret. 1 yard ^0 fH43S8& mfetre. 
1 I fwA = 3-0479449 d^omiMTes. 1 mile = liW93149 kilometw. 



French Meamtre^ of Surface, 



In Eu^Uah 
In Engliflb. ' square jiLrda 
eqtiare feet ^9 square 
feet 



IdEh^IlsIl 

poLefls 

373-25 sq. 

fe«t 



In EngUali 

roods = 

lOflSlOsq. 

feet 



InEngluh 

acres = 

43560 8^. 

feet 



CeDtiiiiw or sq. mt'tre 
Are OT ItiO sq. metrea 
R&aare or 10,000 1 



10764^9 
1076-4a9934 

107642-9$^18 



11990:33 
119603326 

11060-333602 



0-059538^ 
3^3d2tf0 

3953d2S95» 



CH)9li845r 
9'8&4I)724 



000247 1 
0-0347114 

2'47U431 



1 equare meli= 6^451 36^^ squfiine t^ntim^ea. 

I BqusTt! foot !=p-28f>965l3 Bqnaxe dijeiinbtre& 

1 squ&re yard =0^536097 IS HKjuare m^Lre or centiare. 

1 OOfts =0-40467102 hocstanJ. 



French Measures of Capaeitif. 



In cubio 


Id cubic 
f€et= 

172acubie 
inches. 


In pintfl 

34iS5923 

cubic 

inchea. 


0^103 


0^000035 


000176 


(^■61027 


OD00353 


0-01 7B1 


610271 


0-O03.'532 


oneofl 


61fl2705 
€1027052 
610S70&1O 


0035317 
35;UB6 
3-631 tSoS 


1-76077 

17-60J73 

176 07734 


6I02T-05152 


35-S165ei 


1760-77341 


eiOS70^151& 


353-165807 


17607-73414 



In t^ona 

^B pints 

=277-273*4 

cubic incbeft. 



In butbela 
^8 gallons 
-22181S075 
cubic incbe& 



lOUIIitrearcnibicoen' \ 

Uokbbce ......,,......./ 

Centilitre or 10 cubic \ 

oentimitrcs .>/ 

Decilitre or 100 cubic \ 

centixaeirea ...,..,>./ 

itr« or cubic dltonifetre 

itre or oeiituit^fra. . . 

«otoHtr« or d^daClii-e.. 
Kilolitre, or St^re, ar\ 

cubic ml-tre -/ 

Myriolitreor 




0-00O2201 

0^)022010 

0^0220097 
0-2200967 

22iX«ti677 
220'0966767 
2200-9567675 



OSX)00275 
O-OOOSISl 

O-O027513 

O-OST-^lSl 
02751208 
2-751 20S5 

27-S12aS46 

2751208459 



1 cubic iiicli=£l6-33€lT6 cubic oentiiD^trei., 

1 cubic foot =28-315:112 cubic decim&^eB, or iib-ea. 

1 gallon =4 54335S litres. 



c5 
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WEIGHTS AND HEASCSSS. 





French Measures 


of Weight. 


^ 




InSnglish 
gntno. 


Intro J 
4aO|5rainiL 


In AToirdu- 
7000 grsiiiH. 


Iiicwtt= 
112 \h%.^ 
7S400O grs. 


Tona= 
15f?S00O0gnL 


Millifrramme »„.,„»+ 


0<HI>4:i 

0154?3 

1'5433:J 

115432^5 

IM 32344* 

1543-234^8 

L5432-34880 

154333-48900 


0<>00032 
0000it22 
0iXlfl215 
0-032151 
0%12L'iO7 
3215073 
a2'ir*727 
321-507267 


OHMKWOaa 

0-0O022O5 
0-0O32O4fi 
0-0230463 1 
0'2if04<^l , 
2-204U213 
22-04e2126 1 


(HtOOOOOO 
0^0000002 

MH>00020 
0-(KMiOI9T 
O-OlMilB-W 
0-tiOlH6,^4 
(KliPimi 
0-1968412 


O0OtM)OCK> 

OOOOtMWO 

O^OOOODOl 

013000010 

O-OOOOt)^ 

0-00005*84 , 

000Ofle43 

O-O099431 


Ct-ntigramme .*.....,» 


iJbriffrHiiinie ..,.,,.., 


Oramrai! ,....*. 


Dt'eagmmine ......,.^ 


KtloeTatnmri ,„ 


MyrTogTBmmc .,.,,. 


1 grain =0<)647tH> grammp. 1 lb. »ToiT.=0-i5:Vi5i;i kilogr. 
1 troy ofc=31'1034Si6 gmaini<3fl. 1 tmt =f.O'ii02377 kiiogra. 



Temperatures are expressed upon the Centigrade seale^ and 
barometric meaBurements are given in millimetres. 

For the ready eonverBi on of gaseous volumes iuto weights, I 
have adopted tlie erith^ or etaudard multiple proposed bj Dr. 
Hofmami. The crith is the weight of one litre or cubic deci- 
metre of hydrogen at O'' C. and at a preeaure of 760 millimetrea 
of mercury. The following is Dr. Hofmann's description of 
the value and apph cations of this unit. 

** The actual weight of this cube of hydrogen, at the standard 
temperature and pressure mentioned, is 0*0896 f]^mrae; a 
hgure which I earnestly beg you to inscribe, as with a sharp gra- 
ving tool, upon your memory. There is probably no figure in 
chemical science more important than this one to bo borne 
in miDd,and to be kept ever inreadiuess for use in calculation 
at a moment's notice. For this litre- weight of hydrogen 
=0'0S96 gramme (I purposely repeat it) is the standard 
multiplej or coefficient, by means of which the weight of one 
litre of any other gas, simple or compound, is computed. Again, 
therefore, I sajj do not let shp this figure — 0896 gramme. 
Bo important, indeed, is this standard weight unit, that some 
name^ — the simpler and briefer the better — is needed to denote 
it. For this purpose I venture to suggest the term erith, de- 
rived from the Greek word *rpidi)^ signifying a barley -com, 
and figuratively employed to imply a small weight. The weight 
of 1 litre of hydrogen being called 1 crith, the volume-weight 



THE CRJTH. 
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of otlier gases, referred to hydrogen as a standard, may be ex- 
pressed in terms of tMa unit. 

" For example, the relative volnme-weight of chlorine being 
35*5, that of oxygen 16, that of nitrogen 14, the actual weight 
of 1 litre of each of these elementary gases, at 0° C. and 0"**76 
pressurej may be called respectively 355 crithSf 16 critks, and 
14 critlis. 

** So, again J with reference to the compound gases ; the rela- 
tive vol lime- weight of each is equal to half the weight of its 
product- volume. Hydrochloric ac^id (HCl), for example, con- 
si at a of 1 vol. of hydrogen + 1 vol. of chlorine= 2 volumes ; 
or, by weighty l + 35*5^36'5 units ; whence it follows that the 
relative volume- weight of hydrochloric acid gaa is ^-2^= 18* 25 
units ; which last figure therefore expresses the number of 
criths which one litre of hydrochloric acid gas weighs at 0^ C 
temperature and 0^76 pressure ■ and the crith being (as I 
trust you already bear in mind) 00896 gramme, we have 

18-25xO-0896=l-6352 

as the actual weight in grammes of hydrochloric acid gas. 

" So, once more, as the product- volume of water-gas (HjO) 
(taken at the above temperature and pressure) contains 2 
vols, of hydrogen +1 voL of oxygen, and therefore w^eighs 2+16 
^18 nnits^ the single volume of water-gas weighs */ =9 units ; 
or, substituting aa before the concrete for the abstract value, 
1 litre of water-gas weighs 9 mitJi^ ; that is to say, 9 X 00896 
gramme ^0*8064 gramme. 

** In like mauner the product- volimi© of sulphuretted hydro- 
gen (HjS)— 2 litres of hydrogen, weighing 2 criths, -hi litre 
of Bulphur-gas, weighing 32 criths, together 2+32=34 criths, 
which, divided by 2, gives ^/=17 criths=17xO"089G gramme 
= 1*5232 gramme = the weight of 1 litre of sulphuretted hydro- 
gen at standard temperature and pressure. 

** And 80, lastly, of ammonia (NHg) ; it contains in 2 litres 
3 litres of hydrogen, weighing 3 criths, and 1 litre of nitro- 
gen^ weighing 14 criths j its total prod uet-volmne- weight, \* 
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HYDROGEN. 



therefore 3 + 14== 17 criths, and its single volume or 
weight is consequently 

y =8'5 critkB=^S-5 X 0*0896 gramme =076 16 gramme. 

*• Thus^ by the aid of the hydrogen-lit re- weight or crith 
=0-0896 gramme, employed as a common multiple, the actual 
or concrete weight of 1 litre of any gas, simple or compound^ 
at standard temperature and presRure, may be deduced from 
the mere abstract figure expressing its volume- weight relatively 
to hydrogen." 



CHAPTER VIII, 

MOTfAD ELEMENTS. 

Section I. 

HYDKOGEK, Hj, 

Atomic weight —1* Molecular weight =2. Molecuhr volume 
CD* I ^itre weighs 1 crith. Atomicitg \ being the standard 
of comparison, 

Occurt'ence.— In combination^ aa water, in very large quan- 
tities in nature. In almost all vegetable and animal sub- 
stancea, and in many minerals. In the free state in the gaaea 
of volcanoes. In certain stars and oebuhe ? 

Freparatian.^t. By the action of sodium upon water: — 

2 OH, + Na, = 20NaH + H,. 

2. By the action of sodium upon dry hydrochloric acid j — 
2HC1 + Na, = 2NaCl + H,. 

HjdrocWoric »cid. Sodium, Sodic chlorid<?. Hydrogenu 



CHLORINE. 
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3. By the action of zinc, iron, or certain other metals on 
liydrocliloric acid : — 

2HC1 + Zn = ZnCl, + H,. 

HydlrocMorie add. ZIndc ehlondii, 

4. By the action of zitie or eertam other metals on dilute 
sulphuric acid i — 

SO,Ho, + Zn = SO,^no" + H,, 

Sulphorie add. Zincic »iilplmte. 

5. By passing steam over iron heated to redness i — 

Fe, + 40H, ^ '""{T^r^'O, + 4H,. 

. — Wmte.T. Triferrifi t«iro]dde« 

6. Bj" the action of zinc on a boiling solution of potassic 
hydrate : — - 

20KH + Zn ^ ZnKo^ + H,,. 

Fotansic hydrate. Potasaic sixie oxide. 

7. By the electrolysia of water and of some other liquids 
containing hydrogen. 

8. By the tietion of intense heat upon water. 

9. In the destructive distillatiaii of some organic substances. 



Sectiok II, 
CHLORINE, CI,. 

Atomic weight ==855. Molecular weight ^71. Molecular volume 

Q_J, 1 litre weighs 35 5 criths. Has not heen mUiified. 

Liquefies at IS'^'S C, under a presmre of 4 atmospheres. 

Atom icii^ ' * J^v idence of a tomicittf, H CI . 

Occurrence. — ^ Always in combination — with sodium and other 

metals in sea-water, and in the solid state in the salt-beds of 

Cheshire, Worcester, &c. Evolved flpom volcanoes in the form 

of hydrochloric acid. 

Preparation.— 1, By heating certain metallic chlorides, as 
platinic and auric chlorides i — 

PtCl^ = 2Clj -1-Pt. 

FlatUiic chloride. 
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CHIORINB. 



2. By gently beating a mixttire of manganic oxide and hy- 
drochloric acid, when the reaction takes place in two stages : — 

MnO, ^ 4HC1 = MnCU + 2 OH,; 

Mougiimc oiidf. Hydrochloric acid. Manganic chlorid*?. Water. 

MnCl, = MaCl^ + CL,. 

Manganic chloride. Manganouia chJoride. 

S. By heating a mixture of sulphuric acid, sodic chloride, 
and manganic oxide^ when the whole of the chlorine present is 
liberated i — 



MnO, - 

Afanganic: oxide. 



2SOjIIo^ 

SiUphuricacid- 

SO.Muo" 

Manganoue Bulphati'. 



-h 



+ 2]SraCl « 

Bodic chloride. 

2OH2 
Wat4?r. 



SO, Naoj -h 

BodJo Bulphate. 



Cig. 



If in the second procesis a mixture of manganic ox 
hydrochloric acid, and sulphuric acid be employed, the whole of 
the clilorinc is evolved : — 

MnO, + SOjHo, + 2HC1 = 

Mangftnic oxide, Sulphuric acid. Hydrochloric acid. 

so, Moo" + 2 OH, + CI,. 

Mangjinic flulithale* Wat'Cr. 

4. By the electrolysis of hydrochloric acid, 

Feaetions.—l. A mixture of chlDrioe and hydrogen unii 
instantly J with explosion, under the influence of sunlight, or 
of powerful artificial light, or on the application of a burning 
body to the mixture. A burning jet of hydrogen continues to 
burn when plunged into chlorine, 

H, + 01^ = 2nCL 

2, Chlorine lias so gi'eat an attraction for hydrogen, that it 
removes the latter from its compounds with carbon. When a 
rag moistened with turpentine is plunged into chlorine, the 
chlorine and hydrogen unite, with evolution of beat and light, 
carbon being liberated : — ■ 

Ci„Hj, + SCls ^ IGHCI + IOC. 

TtirptiiitiDe. Hydrochloric »c*d 



OXYGEN* 



HYDROCBXOEIC ACID, Ohhrhjdric Add, Mmtatk Arid, 

HCL 
Mohcular weight =36*5. Molecular volume fTI - 1 ^^t'^^ 
iceifjJts 18 25 criths. Has not been solidified, Condemes 
at 10^ under a pressure q/*40 atmospheres, 

Oecurr&nee. —'Evolved from volcanoes. 
Preparation. — 1. From its olemeats, aa above described. 
2, By gently lieating sodic chloride with sulphuric acid, pre- 
viously diluted with a small quantity of water :— 



SO.Hoa + ^aCl = 



SO^HoXao 



+ HCl I 



Sulphuric Rcid. Sodic chloride, Hytlric sodic auJphatc. Hydrochlorio acid. 

+ 2]S[aCl = SO^NaOj + 2HCL 



SO.Hoa 



Buljihurir:? acid, 3adic ckloride. Scwlie sulpUnte. Hjdroehloric add. 

Meactions. — Hydrochloric acid may he converted into salts 
termed chlorides hy the action of certain metals as descrihed 
above, and also by that of the metallic hydrates or oxides :^ 

OKH + HCl = KCl + OH,. 

Fotastsie hydrate. Hydrochlorio acid, Potossic chloride, W^ator. 

ZnO + 2HC1 = ZnCl^ + OH,. 

Zindc ojcid*^- Hydrwhloric aoid. Zindc chloride. Wator- 

For the remainiDg monad elements of this Section, see 
Chapter XIY. 



CHAPTEE IX. 

DYAD ELEMENTS 

Section I. 

OXYGEN, O,. 

Atomic weight =16. Molecular weight ==32. Molecular volume 
nm. 1 litre weighs 16 a^iths. Atomicitg", Evidence 
of atomicity i— 



40 OXYGBy. ^H 

Water OH,. H 

Potassic hydrate OKH. ^H 

Argentic oxide OAg^. ^H 

Hy poch I orons anhydride O CJ^. T^ 

Occurred ce.— In the free state in the atmosphere. In tlie 
combined state in water, in moat mineral bodies, and in almost 
all animal and vegetable compounds. 

Preparation. — 1, K metallic mercnry be beated to its boiling- 
point witb access of ab", it gradually absorbs osygeii, being 
converted into mercuric oxide^ Hg"0. This compound, when 
more strongly beated, is resolved into its elements^ 

2HgO ^ 21Ig + O,, ^ 

Merctiric oxide. Mercury, Oxygen* ^^H 

2. By beating native manganic oxide (pyroluaite) a portion 
of its oxygen is liberated : — . 

Haii^Hnic oxide. Trimangame; tetroiide. I 

3. Oxygen is evolved in nature in a remarkable manner by 
the decomposition of carbonic anhydride, CO^, by the green 
leaves of plants J the vegetable assimilating the carbon, whilst 
the oxygen escapes into the atmosphere : — J 

CO, ^ C + 0,. I 

Carbonic Anh jdride. I 

4. By the action of beat upon potas&ic chlorate . — ^H 

fOCl H 

(Atomic) ^0 =KC1 + 30, or V 

[ok ^ 

fOCl H 

(Molecular) 2^0 =2Ka + 30,. H 

(ok H 

PoteMic chlomte. Pot&»sic OxjgeiL ^^M 

chlortd«. ^^H 

5. By mixing the potassic chlorate mth manganic oxide, 
the oxygen is evolved at a much lower temperature; the man- 
ganic oxide appears to take no part in the reaction. 

6. By dropping concentrated sulphuric acid into a red*hot 
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platinum retort, tbe acid is decomposed into oxygen, sulpliu- 
roua anhydride, and water : — 

(Atomic) SO.IIo.^ = SO, + 

(MoieculaiO 2SO,Ho, = 2S0, + 



Sulphofio a£td. 



anhydrifie. 



OH, 
20H, 

Wat<?r. 






0, 



or 



7. By the electrolyaia of water. 

8. By the action of bent upon a mixture of manganic oxide 
and sulphuric acid : — 

(Atomic) MnO, + SO^Ho, ^ SO;^fno" 4- OH, +0, or 
(Molecular) 2MnO^ + 2SO,Ho, = 2SO^Mno"+20H,-hO,. 

Manpnic Bul|jhiiric MaTigHOOua Water, 

oxide. AcitL aulph&te. 

9. By heating a mixture of potaastc bichromate and sulphuric 
acid * — 

fCrO,Ko 
2^0 + SSO^no.. ^ 2SO,Ko, 

( CrO.Ko 

Potaasic: bickrom&te. Solphoric ac-icL Futasaic «olpbat«i. 

+ 2S,06('Cr;"0()'' + 30, + 80H,. 

Chromic sulphate. Water. 

10. By pasaing steam and chlorine through a red-hot porce- 
lain tube, hydrochloric acid and oxygen are formed : — 

20H, + 2C1, ^ 4HC1 + O,. 

Water, Clilorint*. Hydrochloric add. 

Heaetion, — A mixture of two Tolumee of hydrogen and one 
volume of oxygen explodes at a red heat, water being produced. 
The same compound is formed when hydrogen is burnt in oxy- 
gen or oxygen iu hydrogen : — 

(Molecular) 2H, + O, ^ 2OH3. 



AULOf EOPIC OXYGEN or OZONE, O3, 

Molecular weight =48. Molecular volume F I L 1 Hire weighs 
24 criths. 

Preparation. — 1. When electric sparks are passed through air 
or oxygen, a peculiar odour, which ia due to ozone, is observed. 
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OZONE* 



2. By placing plioaphorua in moist air at about tlie ordinary 
temperatiire for a few Lours. 

3. By passing an electric current throngli dilute aulpliuric 
or cbroTiiic acid. 

Tbua obtained, OKone is always mixed with a large proportion 
of air or oxygen. 

Propm^ies. — Powerfully oxidizing. It oxidizes the metals 
silver and mercury, and organic matters at ordinary tempera- 
ture. When oxygen is converted iato ozone, contraction of 
Tolume takea place ; and when the ozone is heated to 29tF, it is 
retransformed into the original volume of ordinary ox jgen,— in- 
dicating that the molecule of ozone contains more atoms tbaE 
the molecule of ordinary oxygen. 

In most cases of oxidation by o^one no diminution of the vo- 
lume of gas takes placCj the additional atoms previously intrp- 
duced into the molecules of oxygen being removed, and ordinary 
oxygen becoming free* But it has been recently shown by 
Soret, that oil of turpentine absorbs the whole molecule of the 
^ozone, leaving untouched the oxygen which was previously pre- 
sent in the state of admixture. By observing the contraction 
during the production of the ozone and the diminution of 
volume produced by absorbing it with oil of turpentine, the 
density of ozone may be readily calculated, and consequently 
its atomic constitution. 

By this means the specific gravity of ozone has been shown 
to be 24, the molecular weight being therefore 48, which is the 
weight of 3 atoms of oxygen. 

In ordinary oxygen, the molecule is composed of two atoma 
of oxygen, and is represented by 



(% 



© 



weighing 32. 



In ozone the molecule contains 3 atoms of oxygen, and is re- 
presented by 

y_/ weighing 48. 



, WATER. 43 

WATEB, Hydric Oxide, 
0-0-© OH,. 

MolecTdar uoetght =18. Molecular volume fTI ' 1 ^**^^^ of 
toater-vapottr weighs 9 criths. Fuses at 0°. JSoils at 100°. 

Occurrenee. — ^Most abundantly in nature. 

Formation, — 1. By the direct union of hydrogen and oxygen, 
as above. 

2. As a secondary product in numberless chemical reactions, 
as, for instance, in the action of hydrochloric acid on potassic 
hydrate : — 

OKH + HCl = OH, + KCl. 

Potassic hydrate. Hydrochloric acid. Water. Potassic chloride. 

factions. — 1. By its action many metallic oxides are con- 
verted into hydrates : — 

OK, + OH, = 20KH. 

Potassic oxide. Water. Potassic hydrate. 

BaO + OH, = BaHo,. 

Baric oxide. Water. Baric hydrate. 

2. By its action on anhydrides it transforms them into 
acids : — 

N,0, + OH, = 2NO,Ho. 

Nitric anhydride. Water. Kitricacid. 

SO3 + OH, = SO,Ho,. 

Sulphturic anhydride. Water. Sulphuric acid. 

P,0„ + 30H, = 2POH03. 

Phosphoric anhydride. Water. Phosphoric acid. 

3. It also unites molecularly with many compounds as 
water of crystallization (see Chapter V.), as in the following 
instances : — 

BaCl„20H, Baric chloride. 

SO,Nao„ lOOH, Sodic sulphate. 

S,03Ko,CAV"Oe)^240H,... Alum. 



4-i HYDROXYL. 

HTDBOXTL, Hydric Feroaide. 

fOH 

©-©-|-(2><2) HAor(HO),orHo,or [ qh' 

Probable molecular weight = 34. 

Preparation, — By passing a current of carbonic anhydride 
through water in which baric peroxide is suspended : — 

jgBa" + CO, + OH, = COBao" + jgg. 

Baric peroxide. Carbonic anhydride Water. Baric carbonate. H jdrozyl. 

Reactions, — 1, By heat it is decomposed into water and 
oxygen:- 

2{gg = 20H, + 0.. 

HydroxyL Water. Oxygen. 

2. Hydroxyl is transformed into water by the action of nas- 
cent hydrogen : if hydroxyl be introduced into an apparatus 
generating hydrogen, the gas ceases to be evolved : — 

SO,Ho, + Zn+|g| = SO,Zno" + 20H,. 

Sulphoric acid. Hydroxyl. Zindc lulphate. Water. 

3. Hydroxyl liberates iodine from potassic iodide : — 

2KI + {§§ = 20KH + I,. 

Fotawio iodide. Hydroxyl. Fotasnc hydrate. Iodine. 

4. Hydroxyl is a powerful oxidizing agent ; it converts, for 
instance, plumbic sulphide into plumbic sulphate : 

PbS" + 4{gg = SO,Pbo" + 40H,. 

Plumbic sulphide. Hydroxyl. Plumbic sulphate. Water. 



OXIDES AND ACIDS OF CHLORINE. 
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OXIDES AND ACIDS OF CRLOBINE, 

Oxygen fonns many compounds with chlorine and with 
chlorine and hydroxyl ; but none of them can be produced by 
direct combination. The following list contains all that are 
known : — 



Hypochlorous 1 qqi 
anhydride J ^ 

Chloric oxide ? . . . j qq^ 

Chlorous anhy- 
dride 



fOCl 

[oci 



Chloric peroxide " 



OCl 

o 
o • 

OCl 



Chloric hyper- 
oxide? 



n 



OCl 







0-0-0-0-0 
0-0-0-0-0-0 

0-0-0-0-0-0-0-0 



I OCl 
Hypochlorous acid, OCIH, or ClHo. 

fOCl 



(00>-0 
Chlorous acid ... OClHo, or \ q^- 0-0-©-© 

OCl 
tOHo'*'' Iglj- 0-©-©-©-© 



Chloric acid ... i oxt^> or \^ 



fOCl 
Perchloric acid ■< , or 
iOHo 



OCl 

■ 0H©<o)-0-0h© 
OH 
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OXIDES 0¥ CHLOBINJS* 



HTPOCELOROUS AKHTDEIDE. 

OCl,. 

Molecular weight —87, Molecular volume l~\ "] . 1 litre of 
h^ochlorous anhydride vapour weighs 43 '5 criths. JBoiU at 
about 20°. 

Preparation, — By passing chlorine over mercuric oxide at a 
low temperature :— 

fHsCl 
2HgO + 2CI, = Jo + OCI,. 

[HgGl 



Mprcuric 



oiychioridfi. 



CHLOBOUS AiniTDBIDE. 

fOCl 
o . 

loci 



Hypochlorooa 
anhydride. 



Molecular weight — 119, Molecular volume anomalous l _ I I I . 
1 litre weiglts 79'4 eriths. 

Preparation. — Bj gently heating in a water-hath a mixture 
of potaseic chlorate, nitric acid, and arsenious acid. Four dif* 
ferent reacfcionB are to be distiiiguished in this operation : — 



1 l°^i ^ 

^- tOKo + 

PotaMic chlorate. 

2. AjiHoj + 

Arse^ious odd- 
Chlaric acid 



WO.Ho = 

Kitrio acid. 



fOCl 
tOHo 

Chloric aoid. 



Fotaaaio aitrato. 



rffO,Ho ^ NOHo + AsOHo^; 

KitiiQ add- NitrouA acid. Axteoui add. 

NOHo = OClHo + NO,Ho; 

If itrouB add. CMorous acid. Nitrio acid* 



SOClHo = 



Chlorotas add. 



oci 

o 

OCl 

Chloroaa aolijdride. 



+ OH, 



Water. 



HYPOCHLOaoUS ACIB* 
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CHLORIC PEEOXIDE. 

'OCi 

o ' 

Mhleeular weight ^ 135, Boih at 2CP. 

Freparation, — By the action of sulphuric acid on potassic 
chlorate ; — 

ron {^^^ {?P^ 



Fotasaic 



Solpburic 
Bcid. 



FotikBBie 
p<^nclilorate. 



[OCl 

Bulpjiate. peroxide. 



HYPOCHIOEOUS ACID. 
OCIK, or ClHo. 
Molecular weight = 52*5. 

JPreparatiafi, — 1. By the action of water on hypochloroua 
anhydride : — 

OCl, + OH, = 2ClHo. 

Hjpachl0n>UB imhjdnde. Watt^r, H^pocMoroUB ncid- 



2. By the action of clilorine upon mercuric oxide in the pre- 
sence of water : — 

fHgCl 
2HgO + OH, + 2a = -^O + 2ClHo. 

iHgCl 

Mercitrio oadde. Wat4?r. Gkloiiiie. M+'i^uric HypooMotiDiiH 



oxychloride 



B<rL(L 



Meactt&ns. — 1. By the action of hydrochloric acid, chlorine 
is evolved firom hoth the hydrochloric acid and hypochlorons 
acid : — 

ClHo + HCl = CI, + OH., 

Hxpooblorona add. Hf dnochloric add. Chloriap, VfrnXa*. 
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ACIDS OF CHLOBINi;. 



2. By the action of argentic oxide, oxygen is evolved from 
both compotmda ;^ 



OAg, + 2ClHo = 2AgCl + 



Argentic 



Hjiiochlorous 



chlo 



jeatic 
t)ride. 



OH, 



+ o,. 



3. Bj the action of hypocMorous acid, metallic oxidea or hj^ 
dratea are converted into hypochlorites : — 



OKH + 

Potaaiic bjdrate. 



ClHo 

HjpcHcIiloroua 
ttdid. 



ClKo 

liTpoeMorite. 



OH,. 

Water. 



It waa formerly supposed that hypochlorites, together with 
cliloridea, were formed when chlorine acted upon certain me- 
tallic oxides and hydrates : — 

2C1, + 2CaHo, = CaCl, + Cao"Cl, + 20H,. 

Cftldc bi'drate, Caldo ohloiide. Calcic h7p>oclilorite. Water- 

But the so-called cbloride of lime or bleacliing powder doei 
not contain calcic cMoridej and the true reaction appears to be 

, CaHo, + CI3 = Ca(OCl)Cl + OH^. 

Caldo hydrate. Bleaching powder *. Water* 1 

By the action of acids this compound yielda free chlorine :— 
Ca(OCl)Cl + SO^Ho, = SO.Cao'^ + OH, + CI, 



Bleacihing powder. 



Sulphmrlo aijid. 



Cfilcic aulphate 



Water. 



CHLOEOUS ACID. ' 

OClHoorJQg. ' 

Molecular weight =68 '5, 

Preparation, — By the action of water upon chloroua anLj' 
dride : — 

{la ^ "''■ = MSS 

Ohloroui m^jdride. Wftter. ChlorosB Acid. 



^ ©-€>-©-©■ 



CHLOBJITES, 
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CHLOMC ACID» 



J OCl 
\OHo 



o . 
OH 



Molecitlar weight ^84"5. 



Preparation. — Bj the action of dilute sulphuric acid upon 
baric cMorate ;— 

fOCl 
• 

Bao" 

O 
t^OCl 

Baric clilorftte. 



\ 



SO,Ho, = 



^ \ OHo 



SO,Bao". 



Sulphuric ttdd, 



Chloric add. 



Bftric sulphate. 



Decomposition. — Bj boiliiag, it is decompoaed into perchloric 
acid, water, chlorine, fmd oxygen : — 



fOCl 



roci 
= Jo 

[OHo 



+ OH, + 

Pereliloric ftdd. Water. 



ci, 4 20,, 



Chloric odd. 

Preparation of Chlorates.— 1, Potasaic chlorate may be pre- 
pared by the action of chlorine upon a concentrated solution 
of potasaic hydrate : — 

60KH + aCl, = SKCl + jgg^ + 30K,. 

ChloriiM?. Folasffio Potasaic Water. 



FotMsic 
hydrate. 



Fotasaio 
chloride. 



Fotossio 

chlorote. 



2. Calcic chlorate is made by passing chlorine through boiling 
milk of lime : — 



eCaHoj, + 6C1, = 



Calcifi h jdrate. 



roci 







< Cao" 


+ 


SCaCl, 









,OCl 










Ctime Moriie. 



+ 60H,, 



Water 



By the addition of potassic chloride to the calde cJiWaXG, 



50 



PERCHLORIC ACID AND FERCBLOftATES. 



potassic chlorate is formed ; tite latter ia then separated from 
the calcic chloride by crystallizatiou : — 

roci 

Cao" + 2KC1 = ^{%Ko + *^*^^»- 
OCI 



chlorate. 



chloride. 



Potasiic 
chlonate. 



chloiride. 



PERCHLOBIC ACID. 






roci 

\0 or 
OHo 



roci 
o 
o ■ 

OH 



Molecular weight =10O'5. 

Preparation. — Potassic perchlorate is distilled with about 
three times its weight of sulphuric acid: — 



'OCI 
O 
OKo 

Polaasie pereMorate. 



+ SO,Ho, = 



Bolphurio acid. 



fOCl 
2 Jo 
[OHo 

Perdiloric acid^ 



+ SO,Ko.. 

Potassio aulphftte. 



The impure perchloric acid ia tlien carefully rectified, when 
pure perchloric acid passes over as an oily liquid towards the 
end of the operation. 

It forms with water a white crystalline hydrate. 

Freparatimi of I^otag^ic Fer chlorate,- — 1. Potassic chlorate 
iB heated graduaUy, and the process arrested when one*third 
of the oxygen present has been evolved ; the residue then ^ 
tains potassic chloride and perchlorate : — 




fOCl 

Jo 

(OKo 



+ O, 



Potosilo ohlodde. Potaado iwrvJiloTate. 



BORON. 



I 



By crystallizatioE the two aalts are separatad, 

2. When pota^sic chlorate ia gradually introduced into boiling 

nitric acid, chlorine and oxygen are evolved, potasaic nitrate , 

and per chlorate being fonned :-* 

fori f°^^ 

3 |g^^^+2NO,Ho=2NO,Ko + OH,+ j O +Cl,+20,. 



Potassio 
cshlonte. 



If itrio add. FotftBdc nitrate. Water 



OKo 

PotKaaio 
perehloratc 



These salts are then separated by crystallization. 




CHAPTER X. 

•TRIAD ELEMEIfTS. 

Section I. 
BOEON, B,- 

Atomic weight —11. Prohahle molecular weight —22, ^.gr.A 

^ diamond variety j 2'68» Alomicit^ "\ Evidence of aio* 
micity : — 
Boric chloride B'"Cl3. 
^ Boric fluoride B'Tg, 
Boric ethide , B'^'Et^, 
Occurrence. — Ponnd only in combination with oxygen. 
Preparation : — 

' a. AmorpJtom boron, — 1, By igniting boric anliydride with 

sodium : — 

B,0, + 3Na, = 30Na, + B,. 

Boric uihfdride. 8odium, Sodic oxide. 

2. By passing boric chloride over heated potassium r — 
2BC1, + 8K, -= 6KCI + B,. 

Boric chloride. PoUiwc ctdorida. 



m 



BOBON, 



/3. QrapJiitoidal boron. — -By passiDg boric cMoride over fused 
alumimum : — 

Ai, + 2BC1, = 'Ai;"Cl„ + B,. 

Baric cMoridu. Alcmiiiiic chloride. 

y. Diamond horon.- — By fiising boric anhydride with alumi- 
tiiuin :=- 



AJ, 



B,. 



B. 



+ B,0, = 'Al^'-'O^ + 

Bone fluibjdnde AluQutuc oxide. 

Meaetions : — 

a. Anwrphom baron. — ^1. Decomposes hot sulphuric acid :— 

+ 3SO,Ho, = B,0, + 30H, + 3S0,. 



Bulphuric ftcid. Boric anh jdride. 

Decomposes nitric acid :^ 
B, + 6N0,Ho = 2BH03 + 

Nitric acid. Boric acdtL 



Water. Sulphtiroiis luilijdridi!. 



Kitric peroxide. 



3, Decomposes alkaline carbonates, aulphatesj and nitrates : — 
B, 



+ 3CONao, = 2BNao, + 3C"0. 

Sodic carbonate, IMsodic borate. Carbonic omdcu 



B, 



3SO,Ko, = 



Fotauic oulpbate. 



2BKo, + 3S0,. 

Tripotassic bor&t«. Balpburoiii aiihjilrid& 



+ 6N0,Ko ^ 2BK03 + 3W,*^0^. 

rofcaafiic iiifcrat«. Tripotaiisic borate. Nitric peroxidi^ 



4. Boron is one of the very few elements which unite directly 
with nitrogen : — 

B, + ISr^ =^ 2B'"N^", 

Boric nitrid©. 

y. Dimnond boron. — 1. When fused with hjdric potassic sul* 
phate, boric anhydride is formed : — 

6SO,HoKo + B, -= B,03 + 3SO,Ko, + 30H, + 3S0,, 

Hydric potaaaic Boric FofcaBaio buI- Water. SuIpharoQi 

Btilphatti. aDhj'dridev phate. anbydridOi 

Ko compound of boron with hydrogen has been obtained j 
but the chloride^ bromide^ and fluoride are known* 



COMPOTTNDS OF BORON, 
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BORIC CHLORIDE. 

BCl,. 
Molecular wdght =117 '5, Molecular mlmne rTI - 1 ^*^i^^ 
of baric chloride vapour weighs 58' 75 criihs. Sp, gr. 1*35 
at T. Both at 17°. 

Preparation. — By passing chlorine over a mixture of boric 
anhydride aud charcoal heated to redneaa ; — 

B.Oj + 3C1, + C3 ^ 2BCI3 -f 3C0. 

Boric anhydrid*'. Borio chioride. Carboaie oxide. 

Reaction,— In contact with water it forms hydrochloric and 
boric acids j— 

BCl, + 30H, ^ 3HC1 + BHo,. 

Boric chloride, W^ter. H jdrooJiloiio acid. Boric ooid. 



BORIC BEOHIDE. 
BBr^. 

Molecular weight =251. Molecular volume m . 1 litre of 
boric hromide vapour weighs 125*5 crtths* 8p.gr. of liquid 
=2-69. Boils at m"" C. 

Prepared and decomposed in exactly the same way as the 
chloride. 



BOEIC FLTTOBIDl, 

Molecular weight = 68. Molecular volume fTl - 1 Utre weighs 
S4 eriths. 

Preparation. — 1* By strongly heating boric anhydride with 
calcic fluoride ; — 

2B,0, H- 3CaF, = B^Cao^" -f 2BF3. 

Boric anlijrdride. Colda fluoride. OfJdo borate. Borio fluoride. 
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COMPOUNDS OF BORON. 



2. By heating together boric anhjdride with calcic fluoride 
and sulphuric acid : — 

B,0, + 3CaF, + 3S0,Ho, = SSOHo.Cao^' -f 2BF,. 

Boric Caldo SalphTurio Dihjiine £?alcic Boric fino- 

ftniijdjHde. fluQride, •cid. Bulpliate *. ride- 

Meacli(m*—By contact with water horic fluoride forms a 
peculiar acid, the hydrofluohoric acid, the constitution of which 
is not well underHtood : — 

4BF, + 30H, -= 3(Br„HF) + BH03. 

Boric fluoride. Water. Hj-drofltioboric acid. Borio BcidL 

This acid acts upon metaEic hydrates, forming salts :— 



BF,,HF + OKH = 



Hydpofliioborio 
add. 



Fdta,«8io 
hydrate. 



Potaeaic 
boroHtiotide. 



OH,. 

Water, 



Possibly the boron in these compounds is pentadic| ttni 
B'HFi and B'KF^. 



BOBIC ANMYBBIBM AND ACIDS, 

Boric anhydride Bj^a- 

Monobasic boric acid 1 nnTf 

Metaboric acid J 

Tribasic boric acid ...\ BH 

Boric acid J '* 



BOEIC ANHYDEIDE, Borada anhydride, 
B^O^. 

Molecular weight =70. %». gr. 1"83. 

Freparation. — By fusing boric acid at a red heat l — 



2BHo, 

BorioAoid. 



= B,0, + 

Borie ULbjdride. 



30H.. 



* See aulphurio acid, Chap. XIII, page 8L 



BORATES. 



55 



BOEIC ACID, Boracic Add, Orthohoric Acid. 

Molecular weight =62. ^. ^r. 1*479. 

Occurrence.— Contmned in the ateam which escapes from the 
9ujffioni in some parts of Tuscan j. 

Preparation,— Bj the addition of hydrochloric acid to a ht^t 
saturated solution of borax, when the acid cryatallizes out on 
cooling ;* — 

B,0,Nao^ + 2HC1 + 50H, = 4MlIo, + 2NaCL 

Borax. Hjdroclilorio Wfltep* Bono 9odic" 



acid, 



aoidL 



chloridsk 



Meactiom. — 1. At the temperature of lOCP it loses water, 
being converted into metaboric acid : — 

BHOg = BOHo + OH^. 

Boric scicL Metaborio odd. Water. 

2. By the action of metallic hydrate s, oxides, or carbonate b, 
borates are formed. 

The mineral tincal contains borax, an abnormal Bodic borate, 
B,0,Nao„ lOOH,, 




A trima^neiic octohorate is Jinowu as the mineral boj*(wite :— 
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COMPOUNDS OF BORON. 



BORIC SULFHIDi:. 

Molecular weight =118> 

Preparation. — -By paastng carbonic disulphicle over a mixture 
of carboa and boric anbydrida boated to brigbt redness : — 



Boric 
vihjdnde. 



Cftrbomo 
di sulphide. 



£orio 
Rulpbide. 



Carbomo 
oxide* 



Hea^tion. — Boric eulptide is readily decomposed by is^ater, 
giTing sulpburetted hydrogen and boric acid :— 

+ 60H, = 3SH, + 2BHo,. 



BoriQ 
tolplude. 



Salphiiretted 
hydrogen. 



Boric 
add. 



BOEIC NITEIBl. 

Molecular weight =25, 

JPreparation. — 1. By beating boron in nitrogen (see p. 52). 
2, By beating together boniE and amnionic cbloridc ; — 

B.O.JSTao, + 4NH,C1 = 4BN'" + 2NaCl-h 

Bonu:* Ammonic chlgride. Boric nitride. Hodic chloride. 

70H, + 2HC1. 

, Water. Hj^Todiloric odd. 

2teactwn.—'When fused witb potassic bydrate, boric nitride 
}ielda tripotassic borate and ammonia : — 

BIS^"' -f 30KH = BKo, + NH, 



Borii! 
Bitridc, 



Fobasiiio 
hydrate. 



Tdpdtaasic 
bort^o. 






COMPOUNDS OF CARBON. 
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CHAPTER XL 

TETBAD ELEMENTS* 

Sectiof I, 
CAEBON, C. 

Atomic toeight =12. AtomicU^ " arid *'* Uvidenoe of atomu 
city I— 

Carbonic oxide CO, 

Carbonic tatracHoride ... C'^Cl^* 

Marsh-gas C^^^H^. 

Chloroform C'^nCl^. 

Occurrence. — In large quantities in nature, but ehiedy in 
combination, • 

Manufacture. — ^Bj the carbonization of animal and vegetable 
matters. 



eOMFOUNBS OF OABBON WITR OXYQEJ!^. 

CABBONIC ANHYDEIBE, 

CO,. 

Molecular weight = 44, Molecular volume I t L 1 litre 
weighs 22 critJis, Mtses at —57"^. Boils helow its melting' 
point 
Occurrence. — In the atmosphere, ^nd diaaolved in water* 
Formation. — Ey tbe combustion of carbon and of carbona- 
ceous aubstanceB in air or oxygen. In re&pirationj decay, putre- 
faction, and fermentation. During the formation of coal. 
Evolved from YoleauoeB. 

Preparation. ^l. By baming carbon in air or oxygen : — 

C + 



O, = CO,. 

Carbonio 
anhydride. 



Hh 
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OXIDES OF CABBON. 



2. By the action of acida upon metallic carbonates : — 



COKo, 



Stilphoiic ad,d. 



COKoHo + 

Hydrio potaaBio 
carbonate. 



NO.Ho 

Ifitric ftdd^ 



= CO, 

Carbomo 

= CO, 



COCao" + 2HC1 = 



Caleid? 
carbanate. 



Hydroohlorio 
odd. 



Cftrboruc 

CO, + 

Oarbomc 
Anhydride. 



OH, 

Water. 

- OH, 

Water- 

OH, 

Water. 



Potaasic 

NO.Ko. 

Potaeaio 



+ CaCl,. 



Calcic 



Beactiom.—h Carbomc anhydride is decomposed hj heated 
potassium : — 

2K;, = 2COK0, + C. 

FotaBsio carbonate. 



SCO, + 

Carbonic anliydride^ 



2. It acta upon metallic hydrates, forming carbonates ; — -j 



CO, + 2KHo = COKo, + 

carbomc anhydride- Potasaic hydr&te^ Potasaio c&rbtm&te. 

00, -h CaHo, = COCao" + 

Calcic 
hydrate. 



Carbonic 
aii]iydrid& 



CaLcnc 
oaiboDate. 



OH,. 

Water. 

OH,. 

WatttT, 



Carbonic acid, COHo^, is not known. 



CARBONIC OXIDE« 

CO. 

Molecular weight =28. Molecular volume (^Q* 1 litre 
weighs 14 cHihe. 

M^j'^nation. — ^In the combnation of carbon or carhonaceons 
matter with a limited supply of air- In deatmctive distilla- 
tion of many organic sub stances containing oxygen- 

JPre^aration. — 1. By passing carbonic anhydride over red-hot 
charcoal : — 

CO, -h C = 2C0. 

Cullitoriict uatiydrido. Cafbcmio trndft. 



C^KDONIC OXIDE. 



59 



2. By paesing carbonic anhydride over red-hot iron : — 

4CO, + Fe, = I'^PeJ'rao. + iCO. 

Carbanic anhjdride. Triferric tetroiide, Cartkmic oxide^ 

3. Bj heating iron or carbon witli a carbonate :-— 

COCao" + C = CaO 4- 2O0. 

C&ldc corboiiate. Lime. Carbonic oxido* 

4. Bj heating oxalic acid witb sulpbnric acid (bj which water 
is remoTed from the former), and then separating the carbonic 
anhydride bj washing with aodic hydrate :— 

{ooh: - °=. + "^ + <«'-■ 



Oxftliaadd. 



Water. 



Carbonic 
oidde^ 



Carbonio 
aii)ijdrid& 



5, By heating formic acid or a formate with sulphuric acid :— 
{SoHo = O^^ + «=0- 

Formic acid. Water. CarbooJe oxide. 

G. Bj heating pot as sic ferro cyanide with sulphuric acid:— 
Fe"C,]N",K, -f 60H, + 6SO,Ho, = GCO 

PotaBBio ferrocyanide. Water. 8iil|fhixric actd. Carboaic oride. 

+ 2SO,Ko, + SO,Feo" + 3S0,(NH,0),. 

Potafldo snlphat& Feirroua anlpliate. Ammonio sulph&t^^ 

Meaeiiom. — 1. It burns in air and oxygen, producing car- 
bonic anhydride : — 

CO -f O = CO,, 

CarboDic Carbanlo 

oxide* linkjdride. 

2. Carbonic oxide and chlorine unite under the induence of 
light (p. 30) J forming cm'honie os^dichloride or phos^mi& gas^ 

cocv 

The compounds of carbon with chlorine, nitrogen, and hy- 
drogen will be studied in connexion with organic compounda. 



6Q NITROGEN. 

CHAPTER XII. 

PENTAD ELEMENTS. 

Section I. 

NITEOaEN, Azote, N,. 

Atomic weight =14. Molecular weight = 28. Molecular volume 
rri ' 1 litre weighs 14 criths. Atomicity \ which, hy 
the mutual saturation of pairs of bonds , becomes reduced to 
"' or to ' (see p. 20). Evidence of atomicity i — 

Ifitrous oxide ONj,. 

Ammonia N'"H, 

Ammonic chloride BTH^Cl. 

Occurrence. — In the free state in the atmosphere. In some 
nebulsB ? In combination, in animal and vegetable bodies. 

Preparation. — 1. By burning phosphorus in air, whereby 
the oxygen is removed from the latter. 

2. By passing air over ignited copper, when the oxygen 
unites with the copper. 

3. By heating ammonic nitrite, or a mixture of ammonic 
chloride with potassic or sodic nitrite : — 

N"'0(NvH,0) = N, + 20H,. 

Ammonio nitrite Water. 

NH.Cl + NONao = NaCl + N, + 20H,. 

Ammonio chloride. SodicnitritiB. Sodio chloride. Water. 

4. By passing chlorine through an excess of solution of 
ammonia : — 

8NH3 + 3C1, = 6NH,C1 + N,. 

Ammonia. Ammonic chloride. 



NITBIC ACID, 

OXIDUSJJfD OX-ACmS OF JSriTBOGEJ^. 

[ Nitrous oxide OHf^. (EH^MJ) 

fNO C°) (p) 

Nitric oxide*....., i WO' XL XL 

[NO 

NitroTia anhydride <0 ♦ JT Tf 

I NO 0-®-© 

f NO ©^^CEW^) 

I Nitric peroxide i NO*" X 

fNO, A _ X 

Nitric anhydride < O . 00-(^J~M 

rNitrouaacid NOHo. ©=(^M2H1) 

(o 

Nitric acid NO^o. [n}-(oWh 

( o 
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^ 



NITEIC ACID, Aquafortis. 
NO.Ho. 

Molecular weight =63. Molemdar volume VTl * 1 Utre 
of nitric acid vapour weighs Bl'o criths. Fuses at — 50^* 
JSoih at H4P-5, 



* Tbia oompotmd is anomalous; for ita molecule, deduced from the ape- 
cific graritj, is represented bj NO. The dissociation which in thfl 

r NO 

oase of j ^jq'^ ia very imperfect at 0^ C, but almost complete at 100** C, 

in probably nearly csomplete in the caae of N^Ohj at the lowest temperature to 
wMoh tbia gas has bitberto been exposed. 
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KITRIC ACIB. 



Froduction. — 1. Bj the slow oxidation of nitrogenized orga- 
nic matter in the presence of powerful bases. 

2. By the passage of electric sparks through moist air. 

Manufaeture. — By distilling potasfiic nitrate (uitre) or aodic 
nitrate (cubic nitre) with concentrated sulphuric acid : — 



NO.Ko 


+ 


SO.Ho, = 


= SO.HoKo + NO.Ho 


Potosdo 
nitnia. 




Sulpliurio 


Djrdrii: patuBio Ifilriisiuid. 
flulpliate. 



By emplojring two moleculei of potassic nitrate and one of 
eiilphuric acid a saving of sulphuric acid is effected, but a 
higher temperature is required, which destroys some of the 
nitric acid* The reaction takes place in two stages ; — 

1. 2NO,Ko + SO.Ho, = SC\HoKo 

Fot&B9io mtraie. SolphuriQ acid, Hjdrio potassic arulphate^ 

+ MO.Ko + HO.Ho: ' 

FotaftBic nitrate^ Nitric adcL 



2. SO,HoKo + NO,Ko = 

Hjdrio pota^Bic aalpbate. Fotaaaici nitra^. 



SO,Ko, + 

Fotasfljc sulpbate. 



NO,Ho. 

Nitric ftdd* 



Decomposiiiom* — 1. The decomposition which the nitric 
acid undergoes by heat is expreaeed in the following equa* 
tion: — 

4NO,Ho - 20H, + 2W,i^0, + 0,- 

If itric ftcid. Water. Kittia peroxide. OiygeiL 

2. By the action of metallic oxides or hydrates, nitric acid 
produces nitrates : — 



OKH + 

FotsmiolijdnUia. 


NO,Ho 


= NO,Eo + OH,. 

Potamia nitrnte. Water. 


PbO + 

Plniabio oand*. 


2N0,Ho 

ITitrioHid. 


fNO, 

= Pbrt' + OH,. 

[wo. 

Plumbic tkitrate. Water. 



NITROtTS ACtD. 
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NITRIC ANHYBRIBE. 

Prohable molecular weight =108, Prohable molecular volume 
m - J^es at 29°'5. Boils at 45°. 
Preparation. — By paasing dry cUorine over argentic ni- 
trate; — 

4Aga + 2N,0, + O,. 

cbloridti. tuihjrdride. 

Beaetion.—Bj the action of water it forms nitric acid : — 
N,0, + OH. = 2NO,Ho. 



4N0^Ago + 2C1, = 



ISTitnci ftiLhjdrid& 



Water. 



Kitric add. 



NITROUS ANHTDEIDE. 

Probable molecular weight =76. Probahle molecular volume 

CD- 
Preparation. — 1. By heating together nitric acid and atarch. 
2. By gently heating nitric acid with arseuioua auhydride : — 
Aa,0, + 2NO,Ho = Aa,0, + N,0, + OH,. 



■i^ydride. 



£Fi^c &cid. 



iULhj'dtid&i 



anhydride. 



Water. 



3. By the action of nitric acid on sil^^er:^ 
6NO,Ho -h 2Ag, = 4WO,Ago + N^O^ + 30H,. 

Kitzifi ftcid. Argcntio uitrata. Ifitroos aabydnde- W&tEr. 



KITEOXTS ACID. 

WOHo. 
Molecular weight ^47* 

Preparation, — By mining liquefied nitrous anhydride with 
R small quantity of water ;— 

N,0, + OH, = 2NOHo. 

Kitroiu (whydride. WaUr, Nitroiw mdd. 
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OXIDES OP NITROGEN. 



Decompositiam, — 1* la tlie presence of mucli water, nitric acid 
and nitric oxide are formed : — 



6NOH0 = 

Nitraiia add. 



2N0,Ho 

Nitric atjjd. 



+ 2'N",0, 

Nitric oxide. 



+ 



20H,. 

Water, 



2. Mtroiis acid acts aa a reducing agent under aome Gircxun- 
iatances : — 



2NOH0 

Nil^OQS acid. 



+ o, = 



2NO,Ho ; 

Nitric add. 



and as an oxidizing agent under others : — 

+ 20H 



4N0Ho - 

Nitfous licid. 



Nitrio oxide. 



Oxygon. 



1 



3. By the action of metallic oxidea or hydrates, nitrous acid 
forma nitrites : — 



OKH + 



NOHo 

Nitroua acid. 



:^ TfOKo 

Patasaic nitrite. 



OR 

W*{«r. 



NITEOUS OXIDE, Laughing Gas. 
OX,, 

Molecular weight = 4i. Molecular volume pfl * 1 ^*^ 
weighs 22 critlis. Fuses at —101*'. Boih at — 88°» 

Prepofration. — 1» By the action of dilute nitric acid on zinc *.■ — 

I NO, 
lONO.Ho + Zn^ = ON, + iiZao" +50H,. 

[no. 

If itrio acid. KitiMJoa oxide. Zintic nitrate^. Water, 

2, By heating ammonic nitrate : — 

N0,(N^H,O) ^ 20n, + ON,. 

Aiumonia mtratti. WatiT. Nit^oi^ oxide. 



. I 




OXIDSB OF jmmOGES. 05 

nXKIC OIUUL 

Molecular weight =60. MoUemimr tohnme mmommloms \ — ^ 
1 lUre weiffhg 15 eriHu. 

Preparation. — Bj tiie letum of nitne add upon merenrr or 
copper: — 

8Chi + 8NOJH0 = a-^Cno" + W;0. + 40H^ 

Bitrieadd. ["^i SiBfeaodb Water. 

Beaetion. — Unites direct]^ with oxrgen : — 

2is"fi, + o, = 2ir ;o,: 

Ifitrieoadde. 3ritrioi(Bi 

"M",©, + o. = w,o.. 

If itrie osidc^ mine petooide. 



HITBIC FESOXEDS. 

{SgsorirA. 

Molecular weight =46 /o 92. Molecular volume rTl ^ { 
1 Zt/r^ ir^A« 23to46 crithe. 

JPreparation. — 1. Bj the union of nitric oxide with oxjgen 
(see above). 

2. By the action of nitric acid upon tin : — 

Sn, + 20NOja:o = Sii,0,Hoio + 50H, + lOW^O,. 

"Sitae mad. Hefautaiinic add. Water. Nitric peroxide. 

Decomposition. — ^By the action of metallic hydrates and 
oxides it produces nitrites and nitrates : — 

'JST'fi, + 20KH = NO.Ko + NOKo + OH,. 

Kitrie Fotaario Potassio Potasdo Water. 

peroodde. hydrate, nitrate. nitrite. 
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COMPOUNDS OF MTROGEN. 



COMPOUNDS CONTAimi^G MITEOGEJ^, CMLO^ 
MINE, AND OXYGEN 

NITROUS OXYCHLDMDEj CJdormitrom Gas. 
WOCL 

Molectilar wei^M ^65'5. Molecular volume \_\A» 1 Uire 
wei^h 32 "75 criths. Both ut 0*^ C. 

A mixture of nitric and liydrocliloric acids poaaeases the 
property of dissolving goldj and is tliereforc called aqna regifl? 
when heated it evolves chlorine and nitrous oiy chloride i — 

WO,Ho + 3HC1 = WO CI + 20H, + CI,, 

If itric lifitd. Hydrochloric Nitrous Water. 

&dd. ozychloride' 



NITEIC DIOXY-TETEACHLOBIDE, CUormitric Gas. 
'N,^-0,C1,. 

Prepared, together with nitrons oxy chloride, by heating a 
mixture of nitric and hydrochloric acids • — 

2NO,Ho + 6HC1 = irv,0,Cl, + 40H, + CI,, 

ITitrioaoid. Ejrdicichloria uid. CUonmitric gaa Wtttur. 



NITRIC DIOXYCHLORIDE, Chloropermtrie Gaa. 
WO.Cl. 

Preparation. — By mixmg phosplioric oxjtricliloride and 
pliambic nitrate : — 

NO, 

Pbo" + 2PCI3O = PAPbo"* + 6NO,Cl. 
.NO, 

Piuuibic citrate. PhoBphoric Triplumbifl Nitric 

oxytncKlondei. diphosphate. diqx^chloiida 



AMMONIA, 



6r 



OOMPOUJWS OF NITBOGEIi WITM MTDMOGMN, 
AJOCOHIA. 

Xo lecu Jut weight ^^\1, Molectdar votum e fTl. ^ 1 Utre weight 
8*5 criths. Puses at —75''. Boih at — 38°*5. 

Occurrence. — In the atmospliere in very minnte quantities. 

Formation. — By tlie decay of animal and vegetable matters 
containmg nitrogeo. 

Manufacture. — By the destructive distillation of animal 
matter, as liora or boneSj and of vegetable matter, as coal. 

Preparation.— ^j heating a miicture of lime and ammonic 
chloride (sal-ammoniac) % — 



NH.CI 


+ 


CaO 


= 


CaCl, 


+ 2NH, 


+ 


OH. 






Lime. 




Cftldcj 


Anuuackiii. 




Water. 


dUoiriae- 








clilondu. 









Reactions. — 1, Decomposed by chlorine (see p. 60), 
2. Unites directly with acids, forming the ammonium salts in 
which the atomicity of nitrogen ia ^ : — 



N'-Ha + HC! 

Hydrochlorio acid. 

N"'H. + N-0,Ho >= 

ITitrie add. 
SnlphariG acid. 



WH.Cl. 

Ammowo chloride *. 

N'OXN^H.O). 

Ammonic aitrbt« t» 

SO,(N'H,0),. 

Auunoiiic lulplubte J* 




(6® & ®® 
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AUMONIC AMALGAM. 



AHMONIUM. 

fNH.. 

\nr. 

This monad radical has never been obtained in tbe free stai 
but its compounda are perfectly analogous, in crjstallijae form 
and other properties, to those of potaisium. These facta 
have induced some chemists to consider the group ITO^^ as a 
metal, to which they have given the name ammonium— an hypo- 
thesis which is considered to receive support from the production 
of an uaBtable amalgam of this radical. All the compounds of 
mercury witli metals are found to possess metallic lustre ; and 
this is also the case with the amalgam of ammonium. It may 
be prepared by two diiferent processes. 

1. If a solution of ammonic chloride be electrolyjEed, the 
negative electrode being mercury and the positive a platinum 
platOj the mercury ia observed to swell up, o\^4ng to the forma^ 
tioD of a spongy metallic mass. 

2; By preparing an amalgam of potassium or sodium, and 
pouring it into a slightly warmed solution of ammonic chloride, 
the amalgam ia found to swell enormously , potassic or so die 
chloride being simultaneously formed :— 



HgHNflm + mBTH^Cl ■ 

SodJo amalgam. Ammonio diioride. 






+ mKaCL 

BoAia chloride 



Ammonic amalgam rapidly decomposes into mercury, am- 
monia, and hydrogen, the ammonia and hydrogen being liberated 
in the proportions of 2NH3 to H^^ -— 

mH,. 



Ammatdc mnalgiuiL. 



2nHg 

Mercury. 



2mKH3 

Ammonia. 



Ammonium plays the part of a compound monad radical, and 
its salts are isomorphous with those of potassium ; they are 
all volatile, unless the acid from which they are derived 
be fixed. 




SULPHUR. 



COMPOUJn) OF NJTBOGEN If ITS CRLOMINE. 

NITEOXrS CHLOEIDE, 

NCI,? 
Pr^aration, — By tlie action of chlorine npon ammonic 
cMoride :— 

N^n.Cl + 3C1, = Tf'"Cl, -f 4HCL 

Ammamc chloride'* Nltroiu chloridij. H^drodtlorfi! acid. 

The fonDu]a of this compound is not fixed with certainty ; it 
may contain hydrogen, and it ia possible that the two compounds 
intermediate between ammonia and nitrous chloride m ay eiiat: — 
NH3, NH,C], NHCV WClg. 



COMFOVRJ) OF mTROGER WITS lOBINE AND 

MYDMOGEN. 

NITEOUS HYBRODINIODIDE. 

Preparation.^-Bj the action of ammonia on iodine a brown 
substance ia obtainedj which has the composition NHIj^. It is 
formed according to the following equation : — 



3WH3 

Amni fifiliL. 



+ 21, = Nin, + 2NH.I. 



hjdLro^Euodido. 



Lodid«. 



CHAPTER XIII, 

SBCTTOJf I. 

sirLPHTm> 8,. 

nic weight =32. Molecular weiffht 5=()i, Molecular volume 
p[~~| at 1000° C.J hut onlif ane4hird of tkk at its hoiUng' 
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point 1 litre of sulphur vapour weighM 82 eritht. Aiomi^ 

city " *^ cmd ^. Evidence of atomicity : — 

Hydrosulphuric acid S"H,. 

Triethylsulphine iodide fiM^EtjL 

Sulphuric dioxydichloride S'^OjCl,. 

Sodic nitroBulphate S^O(NO) ^Nao,* 

Occurrence. — Found in the free state in Yolcanio districts, 
and widely diffused in combination with metals and oxygen, as 
sulphides and sulphates. 

Mcmufactwred from native sulphur, and firom 

Iron pyrites PeS",. 

Copper pyrites (PeOu)S,". 

Character. — Sulphur is capable of existing in seyeral alio* 
tropic forms, of which the following are the most important : — 

Condition. BpedilograTi^. ^^^^^^^^^ 

a. Octohedral 2-06 Soluble. 

/3. Prismatic 1*98 Transformed into a. 

y. Plastic 1*95 Insoluble. 

Z. Powder 1*95 Insoluble. 

When united exclusively with basylous elements op radicals, 
sulphur is almost invariably a dyad ; and it is then the analogue 
of oxygen, as will be seen from the following formula : — 

Oxygen compounds ... OK,, OKB, OO^, OOKo,, 
Sulphur compounds... SK„ SKH, OS,", OSKs,. 



COMPOUNDS OF 8ULFHUB WITH JBASTZ0U8 

OB POSITIVE ELEMENTS. 

Sulphuretted hydrogen SH,. 

Hydrosulphyl 'S'.H,, or Hs,. 

Carbonic disulphide OS,". 



SULPHUEETTED HYDKOGEN. 
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SirL]PHirRETTED HYDROGEN, Mtfdromlphurw Add, 

SulphhydriG Add. 

SH,. ©-©-© 

MbJseuIar weight =34. Molecular volume fTl * 1 liire weighs 

17 criths. Solid at — 85°*5 C. lAfjuid under a pressure 

I' <3f 17 atmospheres at 10° C. 

Occurrence, ^^olYGd -with otlier gases from yolcanoes and 
fumaroles. Found also m hepatic mineral waters, and frequently 
in watera which contain both organic matters and sulphates. 

Preparation. — 1. By direct union of its elements v — 

^ H, + 8 = SH,. 

' 2. By the action of hydrocEloric or dilute Bulphuric acid on 
oua sulphide ■ — 

FeS" + 2HC1 = SH, + 



Ferrous 
mipbide. 

PeS" 

Ferrowfl 



HjdToohlorfe 
add. 



BpiphQTetted 
hydrogen. 



PeCl,. 

F«rroiu 
ohlando. 



+ SOHo, = SH, + SO^Feo". 



Batphmie 
acid. 



Sulphuretted 
liydrogen, 



Ferroiw 
aulphEkte. 



ggl 



. Bj the action of hydrochloric acid on antimonious sulphide 
itli the aid of a gentle heat {^ — 



Sb,S," 



2SbCl, 



+ 6HC1 = 3SH, + *.^-^.,. 

AntdmonLioiLi Hydroehiorifl Smiptmretted AntiraoniouB 

Bulphidtj. odd. hrdro^en. cMoride. 



Meactions.' 
thus : — 



"1. It ie immediately decomposed by chlorine, 



SH, + CI, = 2HC1 + S. 

2* It is also rapidly decomposed by many metaUio compounda 
rich in oxygen, audi as ferric oiide :- — 

S + 30H,. 

I. The Bulphhydrates and sulphides of the metals are produced 



Te;"03 + 3SH, = 


2PeS" 


Ferrio oxide. Sulphtiretted 
hydrogen. 


FtrrouB 
enlptiido. 
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COMPOUNDS OP SULPHUR. 




■ 


■ ^l 


t]i6 action of hydros ulphuric acid on the hydrates 


^d 


^H oxides, thus : — 












OKH 


+ SH, = 


= SKH + 


OH,. 






PotaBsia 
hjTdrate. 


Biilphuretted 
hydrogen. 


auJphhydrate. 


W&t<ir. 






BaHo, 


+ 2Sn, = 


= BaHs^ + 


20H,. 






Bsrio hydrate. 


Salpburetted 
feydroijeiL 


Bfliie 
HalphhjdtBte. 


Water. 






OAg, 


+ SK, - 


= SA& + 


OH, 





Argentio 



Sulphuretted 
hydragen. 



aulpkide. 



Water. 



OuO + SH, = CiiS" + OH, 

Bulphuretted Cnpric Water, 

hjdrogen. atilphide* 



Ouprio 



HTDEOaULPHYL, Sydrie Persidphide. 
'S;H„ or Hs, 

ProhMe moUcular weight =66. ^, gr. 1-769, 

Preparation, — By pouring a aolution of calcic disulpMde 
into hydrochloric acid : — 

^S;Ca'^ + 2HC1 = 'S;H, + CaCl,. 

Caldc disulphide. Hjdrocblorio Bcid, HydiMMulphyL Calcic chloride. 

Character, — It is the analogue of hydroiyl in composition 
and fimctions. 



CABBONIC DISULPHIDE, BkuJpMde qfCarhm. 
OS,. 

Molecular weight =76. Molecular volume fTI ^ 1 litre of 
carhon ic dis ulph ide vapo ur weighs 3 8 criths. Specific gramt}/ 
1*26. Both at 45°. 



SULPHO-CAEBONIC ACID. 
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Preparation. — 1. By pasaing sulpLiu' over strougly ignited 
charcoal : — 



I 



c + s, = cs'v 

Carbonic 
diHiiJphide. 



2. By heating together charcoal and iron* or copper-py- 
rites:— 



I 



2Pe8", 

Ipoa nyritt't. 
Fenrio .Imilphjde. 



CS", 

Carbonio 
digtilpbiide. 



+ 



2PeS'\ 

FerrouH 
snlp^de. 



DseompomtioTi^,—!. Heated potasBium hums in the A^apour 
of carbouic iiaulphide, with formation of potaasic Bulphide and 
liberation of carhon ;— 



Carbonic diaulphidi^ 



= 2SK, + 

Fotaadfi anlpbide 



2, When brought into contact with a solution of an alkaline 
hydrate, carbonic disulphide is decomposed, a carbonate and a 
sulpho-carhonate being fonned : — 



60KH 


+ 3CS", 


= 2CS"Kb, + COKo, 


+ 30H 


Pofca*iic 
hydrottf. 


Carbonio 


Fotaaaic Potaamo 
BolpbO'carboiuUe. cajTbonate 


Water. 



3. In contact with solutions of alkaline sulphides, carbonic 
disulphide also forma alkaline sulpho-carbonates : — 

^H FotoBsio aulphide, Caibooic diaulphide. Putaaaio ■ulpho-oarbonate. 

^^^P SULFEO-CARBONIC ACID. 

^^Preparation. — By the action of hydrochloric acid on amnionic 
sulpho-earbonate ; — 

CS"(NH^S), + 2HC1 = CS^'Hs^ + 2NH,C1. 



Amnionic 
■olpho-carboDate. 



Hydroahlotic 
acidi 



Stdpho-carboaic 
acJdi. 



AmmoQie 
chlarLdt^, 



74 SULPHUR COMPOUNDS. 

COMPOUNDS OF 8ULFHUB WITH OXYGEN AND 
HYDBOXTL. 

In these compounds the sulphur is either a dyad, a tetrad, or 
a hexad. 

Sulphurous anhydride SO^. ®^^=®=® 

Sulphurous acid SOHOj,. 

Sulphuric anhydride SO.. 

( o )zi( st=f-p ^ 

Sulphuric acid. {HyMc | gQ Ho . CS\-(^\-i s w o Wh) 
sulphate.) J * *' 

XT [0)^0] 

Nordhausen sulphuric r SOgHo 

acid. {Dihyd/ric di-lo^ . ®-©-(^)-®-^}-(2)"® 

sulphate,) . . I SO„Ho 

^ (o) fol 

Hyposulphurous acid. 1 ea'Tkn ^ ^ . ^ . ^ ^ ^ ^ . 
Koulphosulphunc acid.) J 

Co) 

[o) foj 

f o) (o) 

gTrithioiiic acid. (Sul- f f Pa^o 

phodithionic acid.).,. | Iq^^^^ ©"©"(^©-(^ >-^°>^"^ 

(o) (o) 




Tetrathionic 
acid. (D^ 
sulphodithi- 
onic acid.)... 

Pentathionic TgQ -q^^ 
acid. (2W- S" ^ 
sulphodi' -^ S" 

acid.) [S0,H0 



SCLPHUEOUS ANHYDRIDE 

rso.Ho 

S" 
S" 
SO,Ho 
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SULPHUROUS ANHTSRIDE. 
SO,. 

Molecular weight =64. Molecular voltime rn * 1 ^^^^^ toeighs 
32 criths. Solid at — 7G°. Liquid wnder thepres8v/re of two 
atmosjpTieres at 7° C. 

Occv/rrence, — 1. As a volcanic product. 

2. In the air of towns. 

3. Evolved in the roasting of copper pyrites and other sul- 
phureous ores. 

JPreparation. — 1. By the combustion of sulphur in air or in 

oxygen : — 

S + 0, = SO,. 

2. By heating sulphuric acid with copper or mercury : — 

2SO,Ho, 4- Cu = SO, + SO.Cuo" + 20H,. 



Sulphuric add. 

2SO,Ho, + Hg = 

Sulphuric add. 



Sulphurous 
anhydride. 



Gupric sulphate. 



so. 



Sulphurous 
anhydride. 



+ SO,Hgo" + 

Mercuric sulphate. 



Water. 

20H,. 

Water. 



3. By healing charcoal with sulphuric acid : — 
2SO,Ho, + C = 2S0, + CO, 



Sulphuric add. 



Sulphurous 
anhydride. 



. + 20H,. 

Carbonic Water. 

anhydride. 

e2 
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B0LPBUROUS ANHYDRIDE. 



4. By lieating a mixture of about three parts by weight ot" 
sulphur (two atoms) mth four of manganic oxide {one atom) ; — 

S., + MnO, = SO, + MiiS". 

SisiplLUiouB iULh7drid& MiiDgaiioiii 8iilphid«. 



+ MnO, 



Reactions, — 1, Dissolved by water, producing an acid liquid 
wbieh, when cooled to D*^, depoaits white cubical crystals of 
sulphurous aeid : — 

SO, + OH, = SOHo,. 



Bulphtiroiu Buhjdride. 



Water. 



Sulphurous acid. 



2, SidphuTous anhydride, when passed into solutions of the 
metallic hydrates, produces eulphites. If the sujphuroua anhy- 
dride he in excess, an acid sulphite is obtaLned ; — 

OKH 



+ so, = SOHoKo. 

SulphnrgUH &Dhjdride> Hjdrie potas^Io eulphite. 



3. If the metallic hydrate be in excess, the normal sulphite is 
fonned, thus i — 



20KH 

PotaBsic hydiate. 



+ 



SO, ^ 



SOKo, 



SuJphurcms antydrido. Normal potaaslc 

BulpLite, 



OH,. 

Water 



4. Sulphurous acid, when acted upon by metallic hydrates, 
pjoduces the same salts: — 

OKH + SOHe, ^ SOHoKo + OH,: 
20KH + SOHo, = SOKo, + 20H,„ 

5. Sulphurous anhydride, when passed over metallic peroxide*, 
produces sulphates :— = 

PbO, + SO, = SO,Pbo^ 

Ferpltunbic oxide. Sulphnram anhydride. Pluoibic milphate. 

i>e^e£?]fi^n-— Sulphites are recognized by the piuageiit odour 
of sulphurous anhydride which they evolve on the addition of 
a strong acid, such as sulphuric acid :■ — 



SOKo, 


+ 


SO.Ho, = 


= BO.Ko, 


+ SO, + 


OH, 


Potaaaic 
Bulpkite. 




8ulphtirio 


PotlWBtC 


Snlphitrona 
wiEydride. 


Wftkr. 



SULPHURIC ANHYDRIDE. 
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When solutions of Bulpliitaa are mixed with solutions of 
argentic nitrate, a white precipitate of argentic aulphite is 
formed : — 



SOKo, 

PofcasBic 
■olphite. 



+ 2NO,Ago = SOAgo^ + 

Argontio Areentio 



2WO.,Ko.^ 

Potaaaio' 



WKen this argentic sulphite ie boiled with water, it heconiea 
black, owing to the separation of metallie silver i — 

SOAgo, + OH, = SO,Ho, + Ag,. 

hx^n\k^ sulphite. Water. Sulpburic add. 



STTLPmnilC AHHYDRIBE. 
SO,. 

3foIeeular weight = 80. 3foIecul(tr volume I I I . 1 litre of 
sulpkuric anliydride vapour iGmghs 40 criths, Mises at 
24° 5. Bails at 52°'6. 
Preparation. — 1. By passing a mixture of sulphurous anhy- 
dride and oxygen over ignited spongy platinum : — 



80, + 

SalphoFtmn anhydride. 



o = so,. 

Sulphiirio aubjrdride. 



2. By heating Nordhausen sulphuric acid : — 



fSO.Ho 

[ SO.Ho 

Kordh&uatfii 
suJpburie acid' 



SO,Ho, 

Stilphiuio uid. 



so,. 



Snlp^inric 
anhydride. 



3. By heating the so-called anhydrous aodic biaulphate 
(disodic disulphate) : — 



O 

^SlXNao 

Ajkhjdroiu ho£c biaulphatQ 
(Disodic dtBuIphate). 



SO,Nao, 

Sodio sulphate. 



so,. 



SDlphnrio 
anJljdnde^ 
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SULPHURIC ACID. 



4. By heating Bulpliurie acid with phosphoric anhydride : — 



SO.Ho, 

Hiilphurie 



+ P.p, ^ SO3 + 2PO,Ho. 



anhyiiride. 



Biilphnric 
anhjdride. 



Metn-pb twphoric 
Aoid. 



SULPHURIC ACID. 

SO,Ho,. 

Molecular it'ef(/ht — ^S. Moleeuhr volume l--\-\, IHssoeiatwn^ 
1 Utre of aulphuric acid vapour weighs 24'5 c^'itJis. Sp- 
gr. 1-85. Boih at 325^ 

Preparation.— 1^ By the action of liydroxyl upon sulphurous 
anliydride 1^ 

SO, + Ho, = SO.Ho,. 

BnlphuroiiB anhydride, Hj'droxyl. fiidpliiLrio acid. 

2. By the eipoaure of sulphurous acid ormetallie sulphites to 
air or oxygen ; — 

SOHo, + = SO.Ho,. 

Snlphutona ncid Sulphuric ncid- 

SONao, + O = SO^Nao,. 

Sodie Hniphiti?. Sodie sulphate. 

3. By the addition of Tpater t^ sulphuric anhydride : — 

SO, + on, =^ SO,Ho,. 

Biil|dittrte Water. Solphurio add» 

4. By the af^tion of nitric peroxide and oxygen on sulphurous 
anhydride and subsequent decomposition by water of the white 
crystalline compound thus produced (BrUning and De h 
ProvoBtaye) : — 

fSO/JJ'O,) 
2S0. + 'N",0, + O = -^O 

lS0,(N'0,) 



Btilphnrou8 
itn hydride 



Nitrio 
pe'razid(t« 



White crjfltalime 
oorap'^uiiil. 
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SO,(N»0,) 

+ 20H, = 2SO,Ho, + N,0,. 

SO,(N'0,) 

^^Hiite crjrsfcalline Water. Sulphnrio Nitrooa 

oompoiiBd *. add. anhydride. 

In the manufacture of sulphuric acid on the large scale, the 
nitrous anhydride is again acted on by water and transformed 
into nitric acid and nitric oxide : — 



SNA + OH, = 


= 2NO,Ho 


+ 2'N",0.. 


Nitrons Water. 


Nitric add. 


Nitrio oxide. 









The nitric oxide by the action of oxygen reproduces nitric 
peroxide, which is then ready to undergo the same processes a 
second time. The nitric; acid is at the same time reduced to 
nitric peroxide by the action of sulphurous anhydride : — 

SO, + 2NO,Ho = SO,Ho, + W%0,. 

Biih>hiiroiu Nitric add. Sulphuric Nitric 

anhydride. add. peroxide. 

The crude sulphurio acid may be freed from traces of nitrous 
anhydride (which it always contains) by the addition of some 
ammonic sulphate : — 

SO,(NH,0), -f N,03 = SO,Ho, + 30H, + N,. 

Axnmonio sulphate. Nitrons Sulphurio Water, 

anhydride. add. 

Character. — Sulphuric acid forms several classes of salts : — 

Hydric potassic sul- \ g^ ^-^-^^ 
phate J =* 






80 SULPHATES. 

Col 

Potassic sulphate . . . SOaKOj. ®~®-^ s M o >-( k ) 

[o) (o) 

Anhydrous sodic bi- TSOj^Nao 

sulphate. (Dwo^c ^ O * . Cn*WoWsWoMsWo) 
disulphate.) [SOaNao ^^^ 

to) 

Zincic sulphate SO^Zno". ©'^^^C 

Co) 

Tetrabasic zincic sul- 1 fo) ^ (^ 

phate. (Dizincic \sOZno\. (S^^ ^ft^ ^f^ 
sulphate,) J Xs) Xs/ 

Hexabasic zincic sul- ^ v2/\ /V^/ 

phate. (Trizvncic y SZno'' . r^/(^)\.r^ 

sulphite,) J 1^ / \ ^f 

(?) 

Crystallized gyp- -j X^A/®^ 

sum. {Tetrahydric \ SHo^Cao"- @ (O 
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© 

I 
(^ 

Gypsum dried at^j /(oVjL 

100°. {Dihy&ric I SOHo.Cao". © ®=© 

calcic sulphate,) ... J \2) ^ 



Gypsum dried at i 

260°. {Caldc ml- I SO.Cao". 
jphate,) J 



HTPOSULPHUROUS ACID, Sulphosulphuric Acid. 
SS"OHo, (hypothetical). 

Preparation of Sjfposulphites (Su^hosulphates). — 1. "By boil- 
ing a solution of sodic sulphite with sulphur : — 

SONao, + S = SS"0]Srao,. 

Sodio sulphite. Sodic hvpocmlphite 

(Sodic Bmpliosiilphate). 

2. By exposure of an alkaline persulphide to the air : — 
'S'.Ca" + O, = SS"OCao". 

Caldo Calcic 

pemilphide. hyposulphite. 

Beaction. — ^The hyposulphites, when acted upon by acidt?, 
evolve sulphurous anhydride, whilst sulphur is precipitated : — 

SS"ONao, + 2HC1 = 2NaCl + OH, + S + SO,. 

Bodio hyposulphite Hydrochloric Sodic Water. Sulphurous 

(Sodic solpho- add. chloride. anhydride. 

sulphate). 

E 5 
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ACIIJS OP 8ULPHUK, 



BITHIONIC ACID, R^pomlphurie Acid, 

J^reparaiwn.—'Bomdeved Hianganic oxide is suspended m 
water and a current of sulphurous auliydride passed througt 
the liquid, when the mangauie oxide gradually disaolvea. The 
solution contams manganoua dithionate or hypos ulphate : — - 
MnO, + 2S0, = 'S^.p^Miio". 



oxidet 



anhydride. 



dilhionaJte. 



This solution ia next treated with baric sulphide, which pre- 
cipitates manganoua sulphide, t3aric dithionate existing in tKe 
aolution : — 

H&nganoiis dithionate. Baric eulphide. MangaDoiu Bulphide, Bark' dithionate. 

By adding sulphuric acid to a solution of the baric dithio- 
natCj baric sulphate is precipitated and dithionic acid remains 
in solutiou : — - 



S%0,Bao" 


+ 


SO,Ho, 


== SO.Bao" 


+ ^S^O.Ho,. 


Baric 




eulpliurio 


Bone sulphate. 


Dithiooio add. 


[litJiiomite, 




add* 







TEIXHIONIC ACID, SuIfhoditMonic Acid, 
Sulphwetted HyposulpJmric Add. 

BOMo 
^0,Ho 

Preparation,— ^ J digesting hydric potassic sulphite with 
sulphur, potassic trithionate and potassic hyposulphite (jiuU 
phosidpkate) are formed :— 

rso.Ko 

6SOK0H0 + 2S = 2\S" 4- SS'OKo, + 30H,. 

[SO.Ko 

HydHc notasfiic Pota«4iip ^Potaaaic Water- 



BQlphite. 



pol 



Potoaiiic 
^thionate. 



HypoanJiphite^ 
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The two salts so prodaced, when decomposed by hydrofluo- 
silicic acid,yield trithionic acid, sulphxirous acid, and sulphur: — 

fSO.Ko 
SS"OKo, + 2 ^ S" + 3H,Si»^Fe = 3K,Si»^F, 

lS0,Ko 

c Potassic 

silicofluoride. 

+ s. 



Potasdo 
fposalphite. 


Potaamo 
triUiiaiute. 




Hydrofluoaili 
acid. 


+ 


rso,Ho 

2JS" 
lSO,Ho 

TTithionioadd. 


+ 


SOHo, 

Sulphurous 
acid. 



. TETtLATHIONIC ACID, Dimlphodithionie Acid, 
' J > ... JBisulphuretted Hypogulphurie Acid. 

rso,Ho 

S" 
S" 
(.SO,Ho 

Preparation.- — ]WTien iodine is added to baric hyposulphite 
(suiphosulpihafe), baric iodide and baric tetrathionate are pro- 
duced : — 

• 2SS"OBao" + ' i^ = BaL + ■ |!,' Bao". 

I SO J 

Baric hyposulphite. Baric iodide. Baric tetrathionate. 

This salt, when decomposed by sulphuric acid, yields tetra- 
thionic acid. 



PENTATHIONIC ACID, TrisulpJiodithionic Acid, 
Trisulphwretted HyposulpJiuric Acid, 

rso^Ho 

I S" 
^SO.Ho 
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SELENttTM. 



Freparatian, — This acid is obtained hy the action of hjdro- 
:inlphiiric acid on Buiphurous aubydride :— * 

SO^Ho 
S" 
S" 
S" 
^SO.Ho 



5SH, + 6S0, = 



Sulphuretted 



BulpllUTOUB 

aimjdride. 



+ 40H, + S.. 



Pentaduonic ftcid. 



W«t(fr. 



SELENHTM, 8e,. 

Atomic weight =79. Molecular weight =158. Molecular tto- 
lume n~] . 1 litre of selenium vapour weighs 79 crithi. 
Sp. gr. 4id. Fuses a little above lOCf . Both at about 700°. 
Atomicitg ", ^"^^ and ^. Evidence of atomicitg v — 

Hy droaeleoic acid Se' 'H, . 

Selenioua chloride Se^^Cl^. 

Selenic acid Se^iOjHoj, 

Occurrence. — In small quantities in lonie mineral snlphii 



I 



COMFOUIv^DS OF BELBWIUM WITH SYBMOGEN. 
SELENIUHETTED HTDROGEK, Hydroielenic Add, 

Molec u lar weight =81. Mo lecular vo lume |^~1 , I Hire weighs 
40" 5 criths, 

I^reparation^-^By the action of hydrochloric acid upon fet' 
loUB aelenide :— 



FeSe" + 2HC1 



Ferrcnis ielenidi?. 



Hydrochloric 

add. 



= SeH, + PeCV 

Hjdroaelenic F«itous clilodde. 
add. 



Character. — Like hydrosulphuric acid, it produces precipi- 
tatea in solutions of most of the heavy metak. 

There are two chlorides of selenium r 'Se'^^CI^ and SeCl^, 



TELLUaiUM. 
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aOMFOUNDS OF SELENIUM WITH OXYGEK 
AWB MYDEOXYL, 

^^^_^ Selemous anhy dride Se O^. 

^^^B Selenioua acid SeO Ho^. 

^^^H Selenic acid . . .. SeO^Ho^. 

These bodies closelj resemble tbe corresponding sulpliur 
com pound a. 

Selenious anhydride is formed by biiming flelenium in oxy* 
gen :— 

Selenitma 
Anhydride* 

lenions acid ia formed by dissolving tbe anhydride in boil- 
ing water and crystallizing. 

Potasaic eeleniate is prepared by faaing selenium or metallic 
selenides with nitre* The acid is obtained by transforming the 
potassie salt into a plnmbic salt, and subsequently decompo- 
sing the latter with bydrosulphuric acid. 

^^P TELLURIITM, Tc,. 

Atomic weight —128. Erobabh molecular weight =256, Sp. 
gr. 6-2. Euses at 490''"600'='. Atomicity ", *^, and ^. Evi- 

Idence of atomiciiif : — 
Hjdrotellaric acid Te'^Hj. 
Tellnrous chloride Te^^ CI,, 
Telluric acid Te^^O.Ho,^, 

Thia element is of even lesa importance than selenium, which 
it closely resembles. 



m 



BROMINE. 



*^i' 



The following compoimds are known : — 

HydroteUuric acid {ieUuretted hydrogen) TeH^ 

Hypotelluroiis cliloride , TeCl^. 

Tellurons ehloride TeCl^. 

TeOiiroua aoliy divide .,..., TeO^. 

Telluric anbydride TeOg. 

Tellurous add. ..,. TeOHo^ ? 

Telluric acid TeO^Ho.,. 



CHAPTER XIV. 



M03TAD ELEMEKxa. 

Section II. {cdnimmd front Q>\\b.^, VIII,). 

BEOMHE, Br^. 

Atomic weigJit =80. Moleeulur if}eight =160. Molecular Wh 
lume |_n . 1 litre of hrmnine vapour weighs 80 crith, 
Bp. gr. 3 18. Fuses ai -^ 2CP. Boils at 63° Atomicity '. 
Mvidence of atomicitg : — 

Hydrobromic acid HBr. 

I Fofcas sic bromide * KBr* 

\,.,ATgeiitie bromide AgBr. 

Occurrence.' — In small quantities in some saline nimeml 
watere. In sea- water, and tbe waters of the Bead Sea* 

preparation. — -1/ By tbe treatment , with chlorine^ of the 
mother-liquors of palinc waters containing bromides, and ex- 
tracting the liberated bromine by ether :— 

'" 2Kfir + CI, ' = 2KC1 -f Br,. 

PotOJwio bromide. Fol:aaaic!: dilorlde. 



HYDHOBEOMIC ACILf. 
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2, By heating togetlier Bulphuric acid, eodic bromide, and 
manganic oiide ;— 

2NaBr + MnO, 4- 2SO,Ho, = Br, 

Sodia bromide. MnnganiD oxide. Sulphorio add. 

+ SO^lSrao, + SO.Mno'^ + 20n,. 

Character. — Bromine unites with several metals directly, and 
ivitli great energy. Antimony and arsenic burn in it with bril 
iancy. 
At 0° bromine combines with water, forming a crystalline 
Compound, Br^, lOOHj, 



HYDROBEOMIC ACID. 
HBr. 

Molecular weight =81. Molecular volume VTl - 1 litre of 
hi/drohromic acid weighs 40 '5 eriths, ^it^es at —7Z'^, Boils 
at -G9°. 
Preparation. — 1. By passing a mixture of hTdrogen and 
bromine vapom' through a red-hot tube, or by burning hydro- 
L gen in a mktnre of bromine vapour and air :— 
■K H, + Br, ^ SHBp. 

f 



Hydrohromio 
add. 

2. By beating potaasic bromide with phosphoric acid : — 
3KBr + POHo, = FOICo, + 3HBr, 



bramide. 



add. 



[Tihoaphate, 



Ilydrobroiaic 
ocdd. 



Sulphuric acid cannot be employed for this operation, as a 
portion of the hydrobromic acid is then decomposed, bromine 
being liberated : — 

SO,Ho^ 4- 2HBr = Br, + 20H, + SO,. 



WaUr. 



Sulphuric iwsid. 

3. By the action of water upon phoaphorous tribromide : — 



Hjdrobronaio 
acid. 



Sulphurous 
anhydride. 



Pho»j»br>roua 
tTibromidt}. 



30H, = 



P^OKHo^ 

PhoaphorouB 
aieid. 



H- 3HBr. 

Hjdrobromic 
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COMPOITNDS OF BBOMfNE. 



4, By gradually dropping brotnine into water containing 
amorphous phosphorus :■ — 



P. + 



3Br, + 60H, = 2P^OHB:o, -f OHBr. 

Water, 



Fhosiihofoca 

aciki. 



Hydrobmtiiio 
add. 



5. By passing sulphuretted hydrogen through water eoii- 
taining bromine : — 

2SH, + 2Br, =^ 4HBr + S^. 



Sulfhurt'tted 
hydrogen. 



Hydrobromic 
acid. 



factions. — 1- Pecompoaed by chlorine with liberation of 
bromine : — 

2HBr + CI = 2KC1 + Br,. 



Hydrobromic 
acid. 



Hydroehloric 

acid. 



2. By the action of atmospheric oxygen a small quantity of 
bromine is liberated, but the decomposition is soon arrested :— 



4HBr + O, 

Hjsiroliromio 

ncid. 



= 20H, 

Water. 



+ 2Br,. 



Z. In contact with metallic oxides, hydrates, and saJte, bro- 
mides are formed. 



OOMFOUNBB OF SMOMIJ^F WITS OXYGEN 
Am) MYDEOXTL. 

Hypobromous anhydride OBr^j- 
Hypohromoua acid ...... OBrH. 

lOBr 
Bromicacid. \0 . 

(oh 

The graphic formulce of these compounds are analogous to 
those of the corresponding chlorine compounds, given at page 45. 
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HYPOBBOMOTJS ANHYDRIDE. 

OBr,. 

Preparation. — Tij paesing bromine vapour over dry mercuric 
oxide : — 

HgO + 2Br, = HgBr, + OBr,. 

Meroorio Mercorio Hypobromoos 

oxide. bromide. anhydride. 



HTFOBEOHOTJS ACID. 

OBrH. 

Preparation. — 1. By passing hypobromous anhydride into 
water: — 



OBr, + 


OH, = 20BrH. 






anhydride 


add. 



2. By agitating mercuric oxide with bromine- water : — 

fHgBr 
2HgO + OH. + 2Br, = 20BrH +-^0 

[HgBr 

Hercforic Water. Hypobromous Meroorio 

oxide. add. oxybromide. 



BBOKIC ACID. 

fOBr 
tOHo- 

Preparation. — By acting upon a solution of baric bromate 
with sulphuric acid : — 

'OBr 

Bao" + SO,Ho.. =» ^{^0 + SO,Bao". 
.OBr 

B bromate. Snlphnrio Bromio Bario 

add. acid. sulphate. 
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IODINE. 



Meacimn. — 3j boiling, bromic acid decomposea into water, 
bromine, and oxygen : — 



Bromic acid. 



+ 



+ 50, 



20H 

Water, 

Jprepamtion ofhromatm,—!. By adding bromine to a solu- 
tion of a metallic hydrate, and separating tlie bromate hj crya- 
taULzation: — 

6KH0 + SBr, ^ 5KBr + I g|.^ + 80H,. 

Fotaseic Fotasaio Potasaio Wat«r. 

hydrate. bromide. bromate, 

2. By the action of potaasic hydrate on bromine pentacMo- 
ride : — 



6KH0 + BrCl, = 5KC1 + 



Potaadc 
hjdrate. 



Bromine 
peiita4)hlorJde. 



Potaasio 

chloride. 



fOBr 
[OKo 

Potasaio 
bromate. 



+ 30H, 



Water. 



Character ofhromates. — ^Some of the bromates when heated 
lose osygeOi being transformed into bromides : — 

^ 1 OKo 



= 2KBr + 30., 



PotBSfilC 

bromitte. 



Pota^io 
bromidu. 



Others evolve bromine and a portion of their oxygen, leaving 
metallic oxides :— 



= 2MsO + 2Br^ + 50^. 



fOBr 

O 

2< Mgo" 

*^ 
lOBr 

Magnetic 
bromate. 



IODINE, I,. 

Atomic teeight =127, Molecular weight =254. Molecular 
volume r~1 l 1 litre qf iodine vapour weighs 127 crithi. 
Bp. ffr. 4i95. Fuses at 107*". Both at 180^. Atomicity \ 
Evidence of atomicity :— 
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Hydriodic acid HI. 

Potassic iodide • KI. 

Argentic iodide Agl. 

Oecwrrenee. — ^In mineral springs, in sea-water, and in con- 
siderable quantities in sea-plants. 

Manufacture, — Sea-weeds are burnt and the ash is ex- 
tracted with water. The liquid is evaporated, and, after a con- 
siderable quantity of sodic carbonate and chloride has crys- 
tallized out, the mother-liquor, which contains potassic iodide, 
is distilled with sulphuric acid and manganic oxide : — 

2Kl.l-MnO,-f2S6,Ho,=SO,Ko,+SO,Mno"-fI,-f20H,. 

Potassic Man^nmio • Sulphnrio Potassic Maneanous Water, 

iodide. oz^e. add. sulphate. sulphate. 

Beactions, — 1. Iodine is precipitated from its solutions by 
chlorine and bromine : — 



2KI -f CI, = 2KC1 -f I,. 

Potassic Potassic 

iodide. chloride. 

2KI H- Br, = 2KBr -f I,. 

Potassic Potassic 

iodide. bromide. 

2. Iodine unites directly with many metals. 



HYDRIODIC ACID. 
HI. 

Molecular weight =128. Molecular volume I I I . 1 litre of 
hydriodic acid weighs 64 criths. Fuses at —55°. 

Preparation. — 1. By passing iodine vapour and hydrogen 
througha red-hot tube or over spongy platinum gently heated: — 

H, -1- I, = 2HI. 
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HYDRIODIC ACID. 



2. Bj the action of dilute aiilpburic acid on baric iodide, or 
of phosphoric acid on rhj iodide : — 

BaT, + SO.Hn^ = 2HI + SO.Bao". 

Bjuto Sulphuric Hydriodic Baric 

iodide, odd. ofld^ iulph&te* 

I, By decomposing phosphoroua triiodide bj water : — 
PI3 + 30H^ ^ POHHo, + 3HI. 



FhoBphoroiis 
triiodidtj. 



Phoephoroiu 
acid. 



Mjdriodic 



4, By heating together water, potassic iodide, iodine, and 
phosphorus :— 

4KI + P, + 51, + 80H, = 14HI + 2POH0K0, 

Pot&wii: Water, Hjdnodic Hjdri^ dipotnHiti 

iodide. acid. phosphate. 

5, A solution of hydriodic acid is obtained by passing sulphu- 
retted hydrogen through water in which iodine is suspended: — 

2SH, + 21, ^ 4HI + S,. 



Sulphuretted 
hydrogen. 



Hjdricdia 
add. 



Reactions. -^1. Decomposed by cMorine and bromine, with 
liberation of iodine : — 

2HI + C]^ = 2EC1 -f I,. 



Hydriodic 
&cid 



Hydrochloric! 
add. 



2HI + Br, = 2HBr + I,. 



Hydriodic 
odd. 



Hydro bromio 
Add. 



2, It is gradually but completely decomposed by atmospheric 
oxygen; the iodine, which at first remains dissolved in the 
hydriodic acid, is after a time deposited in crystals : — 

4HI + 0, = 20H, + 21,. 

Hydriodic Water, 

acid. 

3, With metallic oxides, hydrates » and some salts it forms 
iodide s» Even argentic chlorido is transformed by liydriodic 
acid into argentic iodide :— 

AgCl + HI ^ Agl + HCL 

AKcintio 
omoride. 



Hjdriodic 
i.oid« 



Argeatitt 



Hydrochloric 
add. 



COMPOUNDS OP IODINE. 
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4. Hydriodic acid is rapidly decomposed by mercury, with 
)eratiozi of hydrogen : — 

2HI + 2Hg « 'Hg',I, + H,. 



Hydriodio 
add. 



Mercnroiu 
iodide. 



OOMPOUimS OF lOBINJE WITH OXTQEN AND 
HTDEOXTL. 



Iodic anhydride 



Iodic acid 



Periodic anhydride 



Periodic acid 




The graphic formidsB of these compounds are analogous to 
386 of the corresponding chlorine compounds given at p. 45. 



IODIC ANHYDRIDE. 



1,0. 



or 



18- 



94 IODIC ACID. 

Preparation, — By heating iodic acid to 170°, when it sepa- 
rates into iodic anhydride and water : — 

roi 

[oi 

Iodic acid. Iodic anhydride. 

Reaction, — ^When strongly heated, it decomposes into iodine 
and oxygen. 



IODIC ACID. 

\OHo 
Preparation, — 1. By the action of sulphuric acid upon baric 
iodate : — 

roi 

Jsao" + SO,Ho, = 2|gjj^ + SO,Bao". 

Baric iodate. Sulphuric Iodic acid. Baric sulphate, 

acid. 

2. By oxidizing iodine with strong boiling nitric acid : — 
6NO,Ho + I. = 2|g^^ + 20H, + 2N,0, + 'N",0.. 

Nitric acid. Iodic acid. Water. Nitrous Nitric 

anhydride. peroxide. 

3. By acting upon iodine and watei: with chlorine : — 



I, + 60H, + 5C1, = 2(g^^ + 



lOHCl. 



Water. Iodic add. Hydrochloric 

acid. 

Reactions. — 1. In contact with hydriodic acid it forms water 
and iodin6 : — 

{oHo + 5HI = 30H, + 31,. 

Iodic acid. Hydriodic Water, 

add. 
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2. It is reduced by many other deoxidizing agents. 

Fr^aratum oflodates. — 1. By treating solutions of metallic 
hydrates with iodine, and separating the iodate by crystalliza- 
tion: — 

6KHo + 31, = SKI + {g|-^ + 30H,. 

Potaaaic Potasaic Potasno Water, 

hydrate. iodide. iodate. 

2. By dissolving iodine in potassic hydrate and treating the 
mixture with chlorinie : — 

12KHo + I, + 5C1, = lOKCl + 2{g^^ + 60H,. 

Potassic Potassic Potassic Water, 

hydrate. chloride. iodate. 

8. By heating together potassic chlorate and iodine : — 
fOCl _ -rni . fOI 



■. + {§il - ici M 



OKo" 

Potassic Iodine Potassic 

chlorate. monochloride. iodate. 



Character of iodates, — Some of the iodates when heated split 
into iodides and oxygen, others into metallic oxides, iodine, and 
oxygen. 

Iodic acid gives several well-defined anhydro-salts. 



FEBIODIC ANHTDRIDE. 
OI 



I,0„ or i 



O 

O 

O . 

O 

O 

OI 



Preparation, — By heating periodic acid to 160° : — 
(01 

Periodic Periodic Water, 

add. anhydride. 
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Meaction.—'WhQn heated it is decomposed into oxygen and 
iodic anhydride, and ultimately Lato iodine and oxygen. 



FERIOSIC ACID. 

fOI 

\o . 

lOHo 

Pr^aratiott. — By decompoaiag plumbic periodate with sul- 
phuric acid : — 



OI 

O + SO.Pbo". 

OHo 



Periodic Phmibic 

acid. nilpliBtAi 

Preparation of Pmiodates. — ^Sodic periodate maybe prepared 
l)y paasing cMoriae througli mixed Holutions of sodic hydrate 
and aodic iodate ;^- 

fOI 
+ OH, + 2NaCL 
ONao 

Sodic Sddic Bodic Water. Sadk 

icMlftk^ bjdrate. periodate. oModAr. 



roi 













o 






Pbo" 


+ 


SO,Ho, 
















lOI 






Plombio 




Bolphnris 


periodate. 




<^d. 



{oNao + 2^'^^^^+ CI* 



FL¥ORIKE, F^, 

Atomic weigld —19. Molecular weight =38 {?). Mohmhf 
volume l~l I . 1 litre weighs 19 critlis (?). Atomicity ' 
JSpidence of atomicity i-^ 

Hydrofluoric acid , HF. 

Occurrence. — In combination with metale in flnoripar, cryo- 
lite, apatite, and other minerals* 

Little is known of fluorine in the tmcombined condition. 
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COMPOUND OF FLUOBINE WITS HYDBOGEN. 

HTDBOFLUOBIC ACID. 

HF. 
Molecular weight s=20. Molecular volume m » 1 ^*^^ weighs 
10 criths, 
Preparation, — ^By heating calcic fluoride with sulphuric acid 
in a leaden or platinum vessel : — 

CaF, + SO,Ho, = 2HF = SO.Cao''. 

Caloio Solphuric Hydrofluoric Caldo 

fluoride. add. acid. sulphate. 



CHAPTER XV. 



TETBAD ELEMENTS. 

Section I. (Continued from Chapter XI.) 
SILICON, Silicium, Si. 
Atomic weight =28*5. 8p.gr. (graphitoidal) =2 '49. Atomicity^". 
JEvidence of atomicity : — 

Silicic chloride SiCl^. 

Silicic fluoride SiF^. 

Occurrence. — Silicon is one of the most widely diffused ele- 
ments. It is found, in combination with oxygen and metals, in 
a very large number of minerals. 

a. Amorphous Silicon. 

Preparation. — 1. By heating potassic silicofluoride with 
potassium ; — 

SiK,F, + 2K, = Si + 6KF. 

Potasdo Potassic 

ailiooflooride fluoride. 



98 SILICON. 

2. By heating sodium in a current of the vapour of silicic 
chloride : — 

SiCl, + 2]Sra, = Si + 4NaCL 

Silicic Sodi 

chloride. chloride. 

Reactions,^-!, Silicon is dissolved by aqueous hydrofluoric 
acid, and converted into hydrofluosilicic acid : — 

Si + 6Hr = SiH^Fe + 2H,. 

Hydrofluoric Hydrofluosilicio 
add. acid. 

2. When fused with potassic hydrate, or boiled in its solu- 
tion, it yields potassic silicate : — 

Si + 4KHo = SiKo^ + 2H,. 

Potassic Potassic 

hydrate. silicate. 

3. Heated in the air, it bums, producing silicic anhydride. 
/3. Grraphitoidal Silicon, 

Preparation. — By fusing amorphous silicon with alumi- 
nium, and boiling the compound in hydrochloric or hydrofluoric 
acid, which dissolves the aluminium, leaving the silicon in the 
form of hexagonal plates with a metallic lustre. 

Character. — May be heated to whiteness in oxygen without 
burning. 

Is gradually oxidized by a mixture of nitric and hydro- 
fluoric acids. 

Is slowly attacked by fused potassic hydrate. 

y. Adamantine Silicon. 

Preparation, — ^By heating aluminium very strongly in a 
current of the vapour of silicic ohloride. The aluminic chloride 
which is formed volatilizes, leaving the adamantine silicon be- 
hind: — 

3SiCl, + 2A1, = 2'Al";Cle -f Si,. 

Silicic Aluminic 

chloride. chloride. 
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SILICIC HTDBIDE. 
SiH,. 
Molecular weight ==32*5. 

Has not been obtained free from hydrogen. 

Preparation, — 1. By decomposing dilute sulpburic acid by 
a feeble electric current passing from electrodes of aluminium 
containing silicon, when the silicic hydride is evolved at the 
negative pole. 

2. By decomposing magnesic silicide with hydrochloric 
acid: — 

SiMg", + 4HC1 = 2MsCl, + SiH,. 



^nesio Hydrochloric Magnesic Silicic 

silicide. acid. chloride. hydride. 

Reaction, — Inflames spontaneously in air, producing water 
and silicic anhydride : — 

SiH, + 20, = SiO, + 20H,. 

Silicic Silicic Water, 

hydride. anhydride. 



SILICIC CHLOBIDE. 

SiCl,. 
Molecular weight =170*5. Molecular volume \~V\ ' 1 lit'^^ 
weighs 85*26 criths, Sp. gr. of liquid 1*52. Boils at 59°. 

Preparation. — 1. By burning silicon in chlorine. 
2. By heating a mixture of carbon and silicic anhydride in 
a stream of chlorine : — 

SiO, + 2C + 2C1, = 

Bilido 
anhydride. 

HeacHon. — By contact with water it produces silicic and hy- 
drochloric acids : — 



SiCl, 


+ 


200. 


Silicic 




Carbonic 


chloride. 




oxide. 



SiCl, + 40H, = SiHo, + 4HC1. 

irochlo 
acid. 

¥2 



Bilicio Water. Silicic Hydrochloric 

Chloride. acid. acid. 
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SILICIC BBOKIDK 
SiBr,. 

Molecular weight =348*5. 8p. gr. 2-813 at 0°. Boils at 153°. 

Preparation, — By the same method as that employed for 
making the chloride, bromine vapour being substituted for chlo- 
rine. 

Reaction, — Decomposed by water in the same manner as the 
chloride. 



SILICIC FLUOBIDE. 

SiF,. 
Molecular weight =104 '5. Molecular volume rTl - 1 litre 
weighs 52 '25 criths. Fuses at — 140°C. Condensable gas. 

Preparation, — ^By heating together silicic anhydride, calcic 
fluoride, and sulphuric acid : — 

SiO, + 2Car, + 2SO,Ho, = SiF, 

Silicic Calcic Sulphoric Silicic 

anhydride. fluoride. add. fluoride. 

+ 2SOHo,Cao". 

Dihjdric calcic sulphate. 

Beaction. — By contact with water it produces silicic and 
hydrofluosilicic acids : — 

+ 2SiH,F.. 

Hydrofluoailioic 
add. 

By contact with metallic oxides, hydrates, and salts, hydrofluo- 
silicic acid produces silicofluorides, some of which, as the potassic 
and baric compounds, are insoluble in water : — 

SiH,F, + 

Hydrofluoailidc 
add. 



3SiF, 


+ 


40H, 


= 


SiHo, 


Silidc 
fluoride. 




Water. 




SiUdo 
add. 



2KHo 


= SiK,F, + 


20H,. 


Potasdc 
hydrate. 


Potasmc 
silioofluoride. 


Water. 
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COMPOUNDS OF SILICON WITH OXYGEN AND 
HYDBOXYL. 

Silicic anhydride SiO^. 

Silicic acid SiHo^ and SiOHo^. 

Chryson SieHgO,. 

Leukon SigH^Og. 



SILICIC ANHTDBIDE. 

SiO,. 

Molecular weight =60*5. Sp, gr. 2*69. 

Occurrence. — In the pure state in many minerals, as quartz, 
agate, <&c. 

Preparation, — By heating silicic acid to 100°. 

SILICIC Acm 

Tetrabasic... SiHo^. Dibasic... SiOHo,. 

Preparation, — 1. By treating a solution of a soluble silicate 
with hydrochloric acid ; — 

SiNao, + 4HC1 = SiHo, + 4NaCl. 

Sodio Hydrochloric Silicic Sodic 

oHoate. add. add. chloride. 

2. By passing a stream of carbonic anhydride through a 
solution of a soluble silicate : — 

SiNao, + '40H, + 4C0, = SiHo, + ^COHoNao. 

Sodio Water. Carbonic Silidc Hydric sodic 

silioate. anhydride. acid. carbonate. 

A reaction similar to this is the cause of the disintegration 
of granitic rocks. 

3. By passing silicic fluoride through water. (See p. 100.) 

4. The dibasic silicic acid is said to be produced by the eva- 
poration in vacuo at 16° of a solution of the tetrabasic acid in 
water. 
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SILICATES. 



The acid prepared by the first three of the above processes 
haa prohably the formiila SiHo^ ; hy drying in the air a com- 
pound remains containing 

This last acid, heated to 100^, loses more water, being trans- 
formed into 

5, By t!ie action of water on tetrethylic ailieate, a compound 
is produced cootaimng 



SIUCATEB, 

The soluble alltaline silicates may be prepared by fusing 
silicic anbydride, in the form of sand op flints, or insoluble 
natural silicates, with alkaline hydrates or carbonates. 

The silicatea form a very important class of minerals. The 
following list contains a few examples :■ — 



Sand. ^ 






Flint. 






Eock crystaL 
Quartz. 


>^ SUieic anhydride 


. sio,. 


Opal. 

Chalcedony. , 
Peridote. 


Dimagnesic silicate ..... 


. SiMgo'V 


Phenacitc. 


jyiglimnic silicate , . _ , 


SiGlo'V 


Willemite. 


Bi^incic silicate ........ 


. SiZno",. 


Zircon. 


Dinrconic silicate 


SiZro'V 


Enstatite, 


Mofwmugmsic silicate . . 


. SiOMgo" 



7b Hue^ page Wi 




SiHo,-, 
\ O Cao". 
[SiHo,— « 
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Diopside. Calcic magneaic disilicate. 1 ®^^Cao"Mffo" 
See fig. 1 J SiO ^ 

Talc. Tetramagnesicpentasilicate, See \ gf o Mffo" 
fig.2 J « « S 4- 

Okenite. Tetrahydric calcic disilicate. 
Seefig3 

Serpentine. Dihydric trimagnesic disi- J -^^ ,, ° 
licate. See fig. 4 jsiHoMgo"' 

Steatite. Trimaqnesic tetrasilicate, 1 e* /^ iv/r " 
See fig. 5 ...ri I S*A^g^3- 

fSiHoMgo" 

Meerscli:fum. TetraTiydric dimagnesicj L.-pr 

trisilicate. Seefig. 6 )q * 

I^SiHoMgo" 

SiOHo— I 
Pyrophyllite. Dihydric alumvnic tetra- SiO i. ^ 

*»7ica^e. Seefig. 7 SiO j ^'^^ * 

SiOHo—J 

Anorthite. Aluminic calcic disilicate. 1 g. /r ai'" o \vip ' 



See fig. 8. 



SiO- 



Labradorite. Aluminic calcic trisilicate. SiCao"-ALo^. 

Seefig. 9 SiO ' 

Grossularia. Aluminic tricalcic trisili- ?J^^^,,"~Ii, . 

cate. See fig. 10 Sfc::^ " 

Emerald. Tnglrmnic aluminic hexa- 1 gj q a i o^Q-lo" 

silicate. See fig. 11 J « « a a- 

Chloropal. Ferric trisilicate. See J garvIS ti oqtt 

%12 [giO— J^'^ ' 

Felspar. Orthose. Dipotassic ahimi- ] o» r\ -rr a i ti 

.7 .7.. fr. o -.r. f Sl-UaJbLOaALO^'. 

w«c hexasiUcate. See fig. 13 ... J 
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SILICIC SXTLFHIDE. 

SiS",. 

Preparation. — By pasaing the vapour of carbonic disulphide 
over silicic anhydride heated to redness : — 

SiO, + OS", = SiS", + CO,. 

Silicic Carbonic Silicic Carbonic 

anhydride. disulphide. Bolphide. anhydride. 

Beaction. — By the action of water, hydrosulpliuric acid is 
evolved, and the solution contains silicic acid : — 

SiS, + 40H, = SiHo, + 2SH,. 

Silicic Water. Silicic Solphnretted 

sulphide. acid. hydrogen. 



TIN, Sn. 

Atomic weight =118. Molecular weight unknoton, ^. gr, 
7'28. Fuses at 228°. Atomicity " and % also pseudo-triatomic. 

The following are the names and formulsB of the principal 
compounds of this metal : — 

Stannous chloride SnCl,. 

Stannic chloride SnCl^. 

Stannous oxide SnO. 

Stannic oxide or anhydride. SnO,. 

rsnci 

Distannous oxydichloride.. •< O . (5)~^°)""C2)~©~{2) 

(^ SnCl 

Stannous hydrate SnHo,. (2)-(o)"-®-(£)~® 



Stannic acid SnOHo,. 




CHMo^-TsiwoMHl 



Dipotassic stannite SnKo^. 

Dipotassic stannate SnOKo,, 40Hj. 



Distaniiie trioxide 
or 



COMPOUNDS OP TIN. 
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_^. 






Stannous stannate SnOSno". 



Metastannic acid (dried at 
100°) 



rSuHo, 

O 

SnHo, 

O 
V SnO . 
^ O 

SnHo, 

O 

SnHo, 



rSnHo^Ko 
O 

SnHo, 
O 

Dipotassic metastannate . . . ^ SnO 

O 



SnHo, 
O 
l^SnHo,Ko 



Stannous sulpliide SnS". 

Stannic sulphide SnS''^. 

fSnS" 



\SnS" 



or 



[On(8n) (S^) 



© 



© 



S W SnV-f 8n 



Stannous sulphostannate. . SnSSns". Gy=@ @ 
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Stannous sulphate SOjSno". ® v /© 

X® 

TITANITJM, Ti. 

Atomic weight =50. Molecular weight unknovm* S^, gr, 5*3. 
Atomicity " cmd *^, also pseudo-triatomic. 

Th^ following are the names and formulae of the chief com- 
pounds of titanium : — 

Titanic tetrachloride TiCl^. ®~®~® 

(s) ^D 

Dititanic hexachloride ... l ni:rli (ciWTr)-fTiV-/CT^ 

I iavylj* v->' Y V^ ^^ 

Titanous oxide TiO. ®=© 

Titanic oxide or anhydride ^ 

(Eutile, Anatase, Brook- V TiO,. 

ite) J 

Titanicacid TiOHo,. V 

©-0-0-0-0 

Titanic sulphide TiS'^ 

Dititanic dinitride \ ^iN"" (^^©"(sfe® 

Trititanic tetranitride TijN'''^ (2^© ® (S^© 
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CHAPTER XVI. 

PENTAD ELEMENTS. 

Section I. {Continued from Chapter XII.) 

PHOSPHORUS, P,. 

M(mic weight =31. Molecular weight =124. Molecular 
volume I I I . 1 litre of phosphorus vapour weighs 62 
criths, Sp. gr. 183. Fuses at 44-45°. Boils at 290° 
Atomicity '" a/nd^, Evidence of atomicity : — 

Phosphorous trihy dride P'"!!, 

Phosphorous trichloride P"'Cl8. 

Phosphoric chloride P^Clj. 

Phosphonic iodide P^'H^I. 

Occurrence. — In combination as a constituent of several 
minerals, and in small quantities in most rocks and soils. 

In plants, and in the brain, nerves, urine, and bones of 
animals. 

Manufacture, — Calcined bones or Sombrerite, both of which 
consist chiefly of calcic phosphate, are digested with sulphuric 
acid, by which the tricalcic diphosphate is converted into tetra- 
hydric calcic diphosphate : — 

P,0,Cao"3 + 2SO,Ho, = P,0,Ho,Cao" + 2S0,Cao". 

Tricalcic dlphoe- Sulphuric Tetrahydric calcic Calcic 

phaAe (Bone-ash). add. diphosphate. sulphate. 

The tetrahydric calcic phosphate is extracted with water 
from the calcic sulphate, evaporated, mixed with charcoal, dried 
and distilled, when phosphorus, carbonic oxide and tricalcic 
diphosphate are produced : — 

3Pp,Cao" + C,o = P,0,Cao"3 + lOCO + P,. 

Caldo meta- Tricaldc Carbonic 

phosphate. diphosphate. oxide. 
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AMORPHOUS PHOSPHORUS. Allofropic Fhosphorus. Bed 
JPhosphorus. 

Obtained by heating common phosphorus to 230°-250° in 
close vessels. 

Neither the number nor the arrangement of the atoms in 
the molecule of this variety of phosphorus is known. 



COMPOUNDS OF FH08FR0BTT8 WITH 
HTDBOGEN, 

Phosphorus forms three compounds with hydrogen, which 
cannot be obtained by the direct combination of their elements. 

prp'"HV' ^ 

Liquid ditto '^"^v 

G-aseous ditto PH3. 



GASEOUS PHOSPHORETTED HTDROOEN. 

© 

Molecular weight ^Z4i, Molecular volume \IJ^, llUreweigh* 
17 criths, 

Freparation. — 1. By heating hypophosphorous acid : — 

2POH,Ho = PH3 + POHo,. 

Hypophosphoroui Phosphoretted Fhosphorio 
add. hjdrogen. aad. 

2. By heating phosphorous acid : — 

4POHH0, = PH3 + 3POH0,. 

Phosphorooa Phoaphoretted Phoephorio 

add. hydrogen. add. ^ 
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8. By heating phosphorus with solution of sodic or potassic 
hydrate: — 

SONaH + P, + 30H, = 3POH,Nao + PH3. 

Bodio Water. Sodio Fhosphoretted 

bjdmte. hypophoephite. hjdrogen. 

The gas prepared by this process contains free hydrogen and 
the vapour of liquid phosphoretted hydrogen. 

Beactions, — 1. By combustion in oxygen it yields phosphoric 
acid: — 

PH3 + 20, = POH03. 

Phof 



hoephoretted Fhoephorio 

hjorogen. acid. 



2. When passed through a solution of cupric sulphate, it 
causes a black precipitate of cupric phosphide : — 

2PH, + 3SO,Cuo" = P,Cu"3 + 3SO,Ho.. 

Phosphoretted Cupric Cupric Sulphuric 

hjcbogen. aulpnate. phosphide. acid. 



3. When passed through a solution of argentic nitrate, me- 
tallic silver and nitric and phosphoric acids are formed : — 



PH3 + 8NO,Ago + 40H,= POHo3+4Ag,+8NO,Ho. 

Fhon>horetted Ai]f|^ntio Water. Phosphoric Nitric 

hyw)gen. nitrate. add. acid. 

4. It unites directly with hydriodic and hydrobromic acids 
when they are presented to it in the nascent state, forming 
f ompounds isomorphous with the corresponding substances in 
flie nitrogen series : — 

PH3 + 31. = PI3 + 3HI; 

Phorohoretted Phosphorous Hjdriodic 

hjdrogen. triiodide. add. 

3PH, + SHI = 3PH,I. 

Phosphoretted Hydxiodio Phosphonio 

hydrogen. add. iodide. 

In this behaviour phosphoretted hydrogen bears a striking 
analogy to ammonia; although, unlike the latter compound, it 
does not unite with other acids. 
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COMPOUNDS OF PHOSPHORUS. 



LIQITID PHOSFHORETTED HTDROGEH. 

0© 



'P'^H, 



/PR 



(W) 



Molecular weight =66. 

Pr^araimn.—Bj tho action of watcjr or ygtj dilute hydro- 
chloric acid upon calcic phosphide, 'P^^Ca''^, the gaa evolved 
being transmitted through a freezing-mixture : — 



Cftldc 
phosphide. 






Liquid phos- 
t>horett(?d 
hydrogen. 



+ 2Ca"Ho,, 



lirdra.te. 



The calcic phosphide i^ prepared hy passing the vapour of 
phosphorus over lime heated to redness : — 



14P + 



14CaO =^ 

Lime. 



2PACao", 

Caloio 
pjmphospliBle. 



+ 5'P",Ca'V 

Calcic 
phoiphide. 



Meaction. — ^Decomposed by sunliglit into solid and gaseous 
phosphoretted hydrogen .— 



5'F,H, = GPH, + 

retted hjcdrogeiu 



fP(P"'H)% 
tPCP^'H)""^ 



Uquid phoBpho- Graseouj phoepho* €^d phoBphor^tted 

retttid hydrcjgtju. retted hydrogen, nydrogoD. 



SOLID PEOSPHOEETTED HYDBO&EN. 

fF(F"H)% 
\P(F"H)"^ 

Molecular weight =120 ? 

Freparation. — ^By dissolving calcic phosphide in concen- 
trated hydrochloric acid, or by the action of light upon the 
liquid pbosphoretted hydrogen. 
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COMPOUNDS OF FS08FH0BUS WITH 

CSLOBINE, 

f hosphorus formB two compounds with chlorine : — 

Phosphorous trichloride I^Clg. 

Phosphoric chloride PCI5. 

FHOSFHOBOUS TRICHLORIDE. 

^^^' ©-©-© 

Molecular weight =137'5. Molecular volume I I 1 . 1 litre of 
phosphorous trichloride vapowr weighs 68*75 criths. 8p, gr, 
1-45. Boils at 74° 

Preparation. — ^By the action of chlorine upon phosphorus : — 

V, + 3C1, = 2PCI3. 

Reaction, — By the action of water it yields hydrochloric 
and phosphorous acids : 

PCI3 + 30H, = 3HC1 + POHHo,. 

Fhoephorous Water. Hydrochloric Phosphorous 

chloride. acid. acid. 



FHOSFHOBIC CHLOBIDE. 



PCI,, ©-(i-© 

0^ © 



Molecular weight b=208'5. Molecular volume fTFI to \W 
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1 litre of pTiospTioric chloride weighs 52*1 to 104!'26 critTis. 
Volatilizes below 100°. 

Frepa/ration, — By the action of chlorine upon phosphorous 
chloride : — 

PCI3 + CI, = PC1«. 

Phosphoroua Phosphoric 

chloride. chloride. 



Beactions. — 1. By the action of an excess of water it pro- 
duces hydrochloric acid and phosphoric acid : — 

PCI, + 40H, « 5HC1 + POHO3. 

Phosphoric Water. Hydrochloric Phosphoric 

chloride. add. acid. 

2. When submitted to the action of alcohols and acids, the 
chlorides of the radicals of the alcohols and acids are obtained, 
thus : — 

(oi'^o + ^Cl. = {oilci + HCl + POCl.. 

Ethvlic Phosphoric Ethylic Hydrochloric Phomhario 

alcohol. chloride. chloride. acid. o^ftrionloride. 

{coko + ^Cl. = {gj^i + HCl + POCl,. 

Acetic acid. Phosphoric Acetjrlic Hydrochloric Phoephoric 

chloride. (Moride. add. - — ^-^»~'^- 



OOMPOUNB OF PS0SPH0BU8 WITS OSLOBIITE 

AND OXTQEHr. 

FHOSFHOBIC OZYTSICHLOBISE. 




rpj 
Molecular weight =158*6. Molecular vohme m . 1 Ubre-tf 
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pho^haricoayiriokloride vapour weighs 76'7 5 eritJis, Sp,gr. 
1-7. BmMng-povnt 110° 
-^reparoHon. — 1. By the action of a limited quantity of 
water on phosphoric chloride : — 

PC1« + OH, = POCI3 + 2HC1. 

Phoq;)horio Water. Fhorohorio Hydrochloric 

chloride. oocytrionloride. acid, 

2. By passing oxygen through boiling phosphorous trichlo- 
ride : — ' 

PCI3 + O = POCI3. 



PhoBphorooB PhcMBphoric 

tridUoride. oxytrionloride. 

3. By heating phosphoric chloride with phosphoric anhy- 
iride: — 

P.O, + 3PC1, = 6P0C1,. 

Phosphoric Fhosphorio Phosphoric 

anhydride. chlcNride. otxytrichloride. 

4. It is formed as a secondary product in the preparation of 
^^e chlorides of alcohol and acid radicals as above described 
(p. 112). 

BeacHan^. — 1. By contact with water it is transformed into 
'hydrochloric and phosphoric acids : — 

POCl, + 30H, = POH03 + 3HC1. 

Phosphoric Water. Phosphoric Hydrochloric 

oxytrichloride. acid. acid. 

2. By distillation with the salts of organic acids it yields 
the chloracids : — 

8{o5Nao + POCl, = 3{gg5i + PONao,. 

Sodic Phosphoric Acetylic Sodic 

iloride. chloride. phosphate. 



COMPOUND OF FSOSFSOBUS WITS CSLOEIUrF 
AND 8ULFEUB. 

FHOSFHOMG SULFHOTMCHLOBIDE. 

PS"Cl3. 
MoUetdar weight == 169*5. Boih at 128"". 
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COMPOUNDS OF PHOSPHORUS. 



Preparation. — By the action of sulphuretted hydrogen upon 
phosphoric chloride : — 

PCI, + SH, = PS"C1, + 2HC1. 

Phosphoric Sulphuretted Fhofl][>horio Hydroohlorio 

chloride. hydrof^en. sulphotnchloride. add. 

Reaction, — ^When boiled with sodic hydrate, it yields sodic 
chloride and trisodic sulphophosphate : — 

60NaH + PS"Cl3 = SNaCl + PS"Nao3 + 80H,. 

Sodic Phosphoric Sodic Trisodic Water, 

hydrate. sulphotnchloride. chloride. sulpho- 

phosphate. 



COMPOUNDS OF PHOSPHORUS WITH OXYGEN 
AND HTBROXTL. 



Phosphorous anhydride . . . PaO,. 



Phosphoric anhydride . . . PaOj. 



Hypophosphorous acid . . . POH^Ho. 



Phosphorous acid POHHOj. 




COHPOITNDS OF PHOSPHORUS. 
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Phosphoric acid 1 pQ2;o 
(tribasic) ... J ** 



Metaphosphoric 1 pQ -g-Q 
acid (monobasic)- J 



Pyropbospboric 1 (E)"®^©"®" 

acid (tetra^ Y PA^o^. Y 



(tetra- 
basic) 



Hexabasic pbospboric acid P^O^NaOg. 

Sodium salt (Meitmami and Henneberg) {Hexasodic tetra- 
phosphate): — 






Dodecabasic pbospboric acid Pio^w^^^u- 

Sodium salt (!Pleitmann and Henneberg) (Dodecasodic 
phosphate): — 




116 FH08FHOBOTT8 ACID. 

FHOSFHOBOUS ANHTDBIDE. 
P.O.. 

Molecular weight =110. 

Freparation. — By the slow oxidation of phosphorus in a 
gentle current of dry air. 

Reaction, — In contact with water it produces phosphorous 
acid: — 

P^O, + 30H, = 2P0HH0,. 

Fhosphoroius Water. Fhosphorous 

anhydride. acid. 



FHOSFHOBOUS ACm 
POHHo,. 
Molecular weight =82. 

Freparation. — 1. By the action of water on phosphorous 
anhydride as above. 

2. By the slow oxidation of phosphorus in moist air. 

3. By the action of water upon phosphorous chloride (see 

p. 111). 

4. By passing chlorine through phosphorus under hot water. 
Beactions, — 1. When heated, it yields phosphoric acid and 

phosphoretted hydrogen : — 

4P0HH0, = 3POH03 + PH3. 

FhoBphoroos Phosphoric Phosphoretted 

add. aoid. hydrogen. 

2. It absorbs oxygen from the air, yielding phosphoric acid : — 
2POHH0, + O, = 2POH03. 

Phosphorous add. Phosphoric add. 
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PHOSFHOBIC AKHTDBIDE. 

Molecular weight =142. 

JPrepatation. — By burning phosphorus in excess of dry air 
or oxygen. 

Seaction. — By contact with water it forms metaphosphoric 
acid: — 

P,0, + OH, = 2PO,Ho. 

Fhosphorio Water. Metaphosphoric 

anhj^de. acid. 



METAFHOSFHOMC ACID. 
PO,Ho. 
Molecuhxr weight =80. 

JPreparation, — 1. By dissolving phosphoric anhydride in 
water (see above). 

2. By heating phosphoric acid to redness — 

POH03 = PO,Ho 4- OH,. 

Phosphoric Jfetaphos- Water, 

add. phorio acid. 

Preparation ofmetaphosphates, — ^The metaphosphates may be 
produced — 

1. By igniting a dihydric phosphate with a fixed base : — 

POHo,Nao = PO^lSfao + OH,. 

Dihvdric Bodic Sodic Water, 

pho^hate. metaphosphate. 

2. By igniting a monohydric phosphate which contains one 
atom of a volatile base : — 

POHoNao(N^,0) = PO^lSfao + NH3 + OH,. 

Hydric sodic amm(mic Sodic Ammonia. Water, 

phosphate. metaphosphate. 

3. By igniting a dihydric pyrophosphate : — 

P,03Ho,Nao, = 2PO,Nao + OH,. 

Dihjdric disodio Sodic Water, 

pyrc^hosphate. metaphosphate. 
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PHOSPHORIC ACID. 



PTROPHOSPHORIC ACID. 

PAHo,. 

Molecular wdgM =178. 

Freparation, — By decomposmg plumbic pyropbospliate by 
hydrosulphuric acid : — 

PA^bo'; + 2SH; = 2PbS" + PAHo,. 



Flumbio 
pyitjphoaphate. 



BQlphnrcttecl 



Pliimbio 
Bulphicie. 



FTToptioBphonc 
add. , 



PyropboapliateB are prepared by heating monobydric phog- 
pbates containing two atoms of a fixed base : — 



2POHoNao, ^ 

H jdrie diaodic 
phosphate. 



P,0,Nao, 

pjTopbosphatc 



OH,. 

Water. 



FHOSPHOEIC ACID, Orthophosphoric Acid. 
POHO3. 
Molecular weight =98. 

Fr^aratian.'^l. By boiliog a solution of pbospboric anfiy^ 
dride orof metaphosphoric acid in water i — 



P,0, + 


30H, = 


= 2POH0,. 


PhoBphorio 
atLhjdj-ide. 


Wmter. 


Plioajihorio 
acid. 



2. By the oxidation of amoq>hous phosphorus with nitric 
acid, and then boiling the product with water, 

3. By the action of water upOu phoaphoric chloride and 
pboaphoric oxy trichloride (see pp. 112 and 113 J. 

4. By the combuation of phoaphorettcd hydrogen in air or 
oxygen : — 

PH3 + 20, = POHo,. 



Phosphort'tted 
hydrogen. 



FhosphorlQ 
acid. 
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5. By deeomposmg tricalcic diphosphate (bone-ash) with a 
large excess of sulphuric acid : — 

P,0,Cao", + 3SO,Ho, + 60H, = 2POH03 

Trioalcio Snlphnrio Water. Phosphoric 

dipihoaphato. add. aoid. 

+ SSHo^Cao". 

Gypfltim. Tetrahydrio 
oaldo sulphate. 

HeacHon. — ^When heated to 213°, it produces pyrophos- 
phoric acid : — 

2POH03 = P,03Ho, + OH,. 

Fhosj^horio Pyrophosphoric Water, 

aoid. add. 

The phosphates are a numerous and important class of salts. 
The following list contains some of the most interesting : — 

Coi^on sodic phosphate I pQHoNao, 120H,. 
{Ja.ydric dtsoaic phosphate) J 

Trisodic phosphate PONao3, I2OH2. 

Hydric sodic potassic phosphate POHoJSTaoKo, OH.^. 

Apatite (Francolite) ^sOsCao'I^Csi" \ 

Triple phosphate {Diammonic \ _ _ 

dimagnesic diphosphate) ... { P.O,Amo,Mgo';,120H,. 

Vivianite P,0,I'eo"3, 80H,. 

WaveUite P,0('Ar",Oe)^, 120H,. 

Pyromorphite P303Pbo"/Q Pb" \ 



ARSENIC, As,. 
Atomic weight =75. Molecular weight =300. Molecular 
volume I I i. 1 litre of arsenic vapour weighs 150 criths. 
Sp.gr. 6-6 to 5-9. Volatile at 180°. Atomicity'" and\ 
JEvidence of atomicity : — 
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Ar seniurett ed hydrogen As' " H,, . 

Arsenioua cliloride Aa'" Cl^. 

Tetrethylaraonic cWoride . , , As^Efc^Cl. 

Occurrence, — ^la nature^ in various orea, and sometimes " 
tlie free state. In some mineral waters, and in tlie mud of 
rivers. 

Freparaiion. — By reducing, with cliareoal, arseniouB aiihy- 
dride, wM^ih is produced in the roasting of raany ores : — 

A«p, + 3C = Ab^ + SCO. 

Arst^nJoufl Carbomo 

BJihydride. oxide. 



aoMTOuim OF arsenic witr htdmogun. 



AESENIURETTED HYDEOaEN^i Arseniom Hydride. 
ASH3. 

Molecular weight ^^%* Molecular volume \~\ ] . llitreweiffha 
S9 criths, Boih at —40°, 

Preparation. — 1, In the pure state ^y the action of sulphuric 
acid on an alloy of arsenic and zinc : — 



Aa,Zn", 


+ 


3SO,Ho, = 


= 3SO,Zno" 


+ 2AsH,. 


ArB<iiiian8 




Sulphuric 


Zindt' 


Ardeniiirettod 


Bmeid(<. 




iaA. 


Buliihate. 


hydrogen. 



2. By the action of nascent hydrogen upon 8olul)le arsenic 
compounds, as by the introd action of arsenious acid into an 
apparatus evolving hydrogen : — 



AaHo, 


+ 


311, 


= AsII, + 


30H,. 


Araetuoiis 






Arminjiiretted 


Water. 


acitL 






hydrogen. 





Rcactioi^s, — 1, Wlien burnt w^th free access of air, it gives 
water and arsenioua anhydride : — 



2AaH, 

j^^nhiirettred 


+ 


30, 


- A8,03 

Arsenioua 


+ 


30H,. 

W'Bter. 


hydrogen- 






anhydride. 
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2. When bumt with a limited supply of air, it yields water 
and free arsenic : — 

4A»H3 + 30, = As, + 60H,. 

Araeninretted Water, 

hydrogen. 

3. "When exposed to a red heat, it is decomposed into arsenic 
and hydrogen. 

4. Passed through a solution of argentic nitrate, it yields 
a precipitate of metallic silver, arsenious aad nitric acids re- 
maining in solution : — 

eNO^Ago -f SOH, + AaHg = 6NO,Ho 

Argentic nitrate. Water. Arseniuretted I^itrio acid. 

hydrc^en. 

+ AaHog -f 3Ag,. 

Arseniooa add. 

COMFOTTND OF ABSJSJSTIG WITH CHLORINE. , 
ABSENIOUS CHLOBIDE. 

AaCl3. 
MoleculcMr weight =181'5. Molecular volume \ I I . 1 litre of 
a/rseniou8 chloride vapour weighs 90*75 criths, Sp. gr. 2*205 . 
Boils at 132°. 

Preparation, — 1. By the action of dry chlorine upon arse- 
nic: — 

As, + 3C1, = 2A»Cl3. 

Arsenions 
chloride. 

2. By distilling arsenic with mercuric chloride (corrosive 
sublimate) : — 

As, + 6HgCl, = 3'Hg',Cl, + 2A»Cl3. 

Meroario Merc^ro^8 Arsenions 

chloride. chloride. chloride. 

3. By distiUiDg sodic chloride, arsenious anhydride, and sul- 
phuric acid : — 

Aa.Og -f GNaCl -f eSO^Ho, = 2ASCI3 

Arsenions ' Sodic Sulphnrio Arsenions 

anhydride. chloride. add. chloride. 

-f 6SO,HoNao -f 30H,. 

Hydric sodic Water, 

sulphate. 
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ARSENIOUS ACID. 



MeacHon.^Wiih exceaa of water it forme arsenious and 
hydrochloric acids :— 

A«CL + aOH, = 3HC1 + AsHo,. 



ArseuioaB 



Water, 



ric acid. 



AractLioua 



coM^oui^DS OF ai^.si:mig witr oxygen and 

MTDMOXYL. 

AraenioTia anhydride ., A%fi^. 

Arsenic anhydride As^^Oi,. 

Arsemona acid ..,, , AaHOg. 

Arsenic acid AsOHOa. 



AESEHIOUS AKETDBIDE. 

Molecular weif^ht =198, Molecular vohme □• 1 Utre of 
arsetiious anhydride vapour weighs 198 criths {anomaloui), 
Sp. gr. 3-7. 

Occurrence, — Very rare in nature, 
Freparation, — 1. By burmng arsenic in air or ojcygen. 
2. By roasting arsenical ores in certain metalliirgical opera- 
tions* 

AESENIOITS ACID. 
A»Ho3. 
MoJectdar weight — 126. 

Only known in solution. 
Arsenious acid forms many salts, of wMch the following a^ 
examples :* — 

Dihydric potassic apsenite {Fomler^s 

solution) ......,,. AsHOjjKo, 

Hyi^bie eupric arsenite {Scheele's 

green) AsHoCuo". 

Triargentic arsenite ..,*.. AsAi^o^. 



ARSENIC ACID. 
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A monobasic arsenious acid, AsOHo, corresponding to ni- 
trous acid, appears to exist, one of its compounds, AsOAmo, 
being known. Arsenious acid when boiled with cupric ace- 
tate yields Schweinfurt green, SAMfifiuo", Cu(C^'H.fi^)^, 



ABSENIC ANHTDRIDE. 

Molecular weight =230. 

Preparation, — Bj heating arsenic acid nearly to redness : — 
2AaOHo3 = 30H, + Aa.O, 



Arsenio acid. 



Water. 



^5* 

Arsenic 
anhydride. 



ARSENIC ACID. 
AaOHog. 
Molecular weight =142. 

Preparation. — By treating arsenious anhydride with nitric 
acid : — 
AMfl, + 2NO,Ho + 20H, = 2AaOHo3 + N,03. 

AneniouB Nitric add. Water. Arsenic add. Nitrous 

anhydride. anhydride. 

Salts are known derived from acids of the three following 
formulae : — 



A«0,Ho, 

Metarsenic add. 


AaOHo3, 

Arsenic add. 


As,03Ho„ 

Pyrarsenic acid. 


corresponding 
to 


corresponding 
to 


corresponding 
to 


PO,Ho 

Metaphosphoric 
add. 


POHO3. 

Phosphoric 
acid. 


P.O3H0,. 

Pyrophosphorio 


and 






NO,Ho. 

Nitric add. 







all 
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COMPOUNDS OF ARSENIC WITH SULPHUR AND 
HTDROSULPHTL. 



As",S", 



^^gar {^S'' = ' 

Sulpharsenious anhydride {Arsenious 1 m. «„ 
sulphide) J ^ ^* 

Sulpharsenic anhydride {Arsenic sid- \ a^ «„ 
;?Ai(;e) 1^2^ 5- 

Sulpharsenious acid AsHsg. 

Sulpharsenic acid AjiS"Hs3. 



BEALGrAE, Diarsenious Disulphide. 

Molecular weight =214. S^, gr. 3*5. 

Occwrrence. — Found native. 

Preparation. — By heating sulphur with arsenious anhy- 
dride : — 

S, + 2Aa,03 = 3S0, + 2'As",S'V 

Arsenions Snlpharons Bealgar. 

anhydride. annydride. 



SULFHABSENIOIJS AimTDSIDE, Arsenious Sulphide, 



Molecular weight =246. Sp, gr. 3*5. 

Occurrence. — Found native. 

Preparation. — By passing sulphuretted hydrogen through a 
solution of arsenious anhydride in hydrochloric acid : — 
2AaCl3 + 3SH, = 6HC1 + Aa,S",. 

Arsenious Solphoretted Hydrochloric Arsenions 

chloride. hydn^n. acid. sulphide. 
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BeacUon. — ^Arsenious sulphide dissolves iii caustic alkali, 
producing an arsenite and a sulpharsenite : — 

As,S"3 + 40KH = AsHoKo, + AsHsKs, + OH,. 

Arsenions Fotassio Hydriodipo- Sulphhydric Water. 

sulphide. hydrate. tassic arsenite. disulnhopotassic 

sulpnarsenite. 

Bj the addition of an acid, the arsenious sulphide is repre- 
cipitated : — 

AaHoKo, + AaHsKs, + 4HC1 = 4KC1 

Hydrio dipotas- Sulphhydric Hydrochloric Potassic 

sic arsenite. disalphopotassio acid. chloride. 

snl^iaroenite. 

+ A8,S"3 + 30H,. 

Arsenious Water, 

sulphide. 

Proustite is a native sulphargentic sulpharsenite, AaAgSg. 

STJLFHABSENIC ANHTDSIDE, Arsenic Sulphide. 

MolecuUvr weight =310. 

Preparation, — By fusing together arsenious sulphide and 
sulphur. Sulpharseniates may be obtained by passing sulphu- 
retted hydrogen through solutions of arseniates : — 

AsOHoNao, + 4SH, = AsSHslSTas, + 40H, 

Sulphuretted Sulphhydric diaulpho- 
hydrogen. soic sulpharseniate. 



Hydrio disodic Sulphuretted Sulphhydric diaulpho- Water. 

soic 



ANTIMONY, Sb,? 

Atomic weight =122. Prohahle molecular weight =488. Sp. 
gr. 6*7. Mtses at 430°. Atomicity '" cmd ^. Evidmce of 
atomicity : — 

Antimonious chloride Sb'^Clg. 

Antimonic tetretho- chloride 1 «k t? n 

{TetrethyUtihonic chloride), J S**''-^*4C1. 

Antimonic chloride Sb'Clg. 
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AHTIMONICUETTED HYDROGEN. 



Occurrence,— ^Tq a small extent in the native state. Alloyed 
with raetals in a few minerals. Sometimes in the form of 
oxide, but principally in tlie form of grey antimony ore or 
stibnit€f which eoiiaists of antimonious sulphide. 

Freparation. — 1. By fusing the native sulphide and intro- 
ducing metallic iron, which removes the sulphur i— 



Sb^S", + 


3Fe 


= 3Fe8" 


+ 


Sb,. 


AntimoTviona 
Buifillide. 











2. The native sulphide ia roasted in contact with the air, 
when it is partially converted into antimonious oxide : — 

2Sb,S'^, + 90, = 2Sb p^ + 6S0,. 



Antimotiiioiia 
Bulphide. 



AiitiinomoDS 
oxide. 






The roasted mineral is then fused with charcoal and sodic 
carbonate. The reaction takes place in two stages : first, the 
remaining sulphide ia converted into oxide hy the sodic carbo- 
nate, £md subsequently the oxide is reduced by the carbon :-^ 



1. Sb,8". + 

AntitTioniouB 
Bulphider 



SCOISrao, = 3C0, + SSISTa, 



Sodic 
carbonate. 



CarboniQ 
aahjdridp. 



Bodio 

anlphlde. 



AntiinonJoai 
oxide. 



2. Sbp, + 3C 

An timnnirHlft 

Glide. 



= 3C0 + 8b.. 



Carbonic 
oxide 



3. Antimony may he obtained in the pure condition by 
reducing, with charcoal, the oxide formed by the action of nitric 
acid upon crude antimony^ 



com:poumd of aj^timony with RYDMOGMN, 



AHTIMONIUEETTED HYDEOGEN, Antimmiom R^dHde. 
SbH^. 
Molecular weight =125 ? 
This compound is unknown in the pure condition. 
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Freparation. — 1. Bj tlio action of lay droehloric acid upon an 
alloy of zinc and antimony :-— 

Sb^Zn'; + CHOI = 2SbH, + 32mCi,. 

Antiinaniaiis HydroohJoiic AutimiQiiiaiii Zinotc 

zincide. add. hydride. chloride- 

2. By the action of nascent hydrogen evolved from Kinc and 
Bulplinric acid upon soluble antimony compounda. In both 
these reactions the antimonioua hydride is always mixed with 
much hydrogen : — * 

BhC\ + 3H, = SbH^ + 3HC1, 

AntLmoiiiDiis Antiinoiiio^ia Hydrochloric 

chloride. hydride. acid 

J^eactions. — 1, When burnt in air or in oxygen, it yields 
water and aotinioaioua oxide :— 

2SbH, + 30, = B\0, + 30H,, 

Antimotiious Antimonioufl ViTater. 

hydride. oxide 

2. "When burnt with a limited supply of air the hydrogen 
only ia oxidized, the antimony being dcpo sited : — 

4SbH3 + 30, = Sb, + GOIi,. 

Antimonioiis Water, 

hjdridf. 

3. Deconipoaed into its elementa, like arsenions hydride, 
when paaaed through a red-hot tube* 

4. When transmitted tlirough a solution of argentic nitrate, 
it produces a precipitate of antim onions argentide, thus dif- 
fering from arsenious hydride (see p. 121): — 

3WO^Ago + SbH^ ^ 3NO,Ho + SbAg,. 

Argentic ADtimoniona IS'itric Antimonioua 

nitrate, hydride. add. &rg«;iitidu. 

From the composition of this compound, and from that of 
some of its analogues, the composition of antimonious hydride 
is inferred. 

Antimonioua hyd^de , . , SbH^, 

Antimonious bcopii^de SbBr^. 

Antimonious argentide , SbAg^. 
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ANTIMONIOUS CHLORIDE. 



AntimoniouB zincide . Sb^Zn",. 

Antimomous etkide. {Tnethglstihine,} SbEt^. 
Antimonioua amylide, {Trlamyhlihine.) SbAy,, 



COMFOUNJDS OF ANTIMONT WITH CSLORIME. 

Antimonioua cbloride SbCl3. 

Antimonic cKLoride SbCI-. 



ANTIMONIOUS CHLOBIDE. 

SbCl, 

Molectilar weight = 228'5. Molecular volmne I [ i . 1 litre \ 
antimoniQUs chloride vapour weighs 114^25 critks. Ft^eg 
at 72^. Bails at 223°. 

Preparation. — 1. By passing cblorine over excess of metallic 
antimony or antimooioua aulpliidej and purifying by distil- 
lation : — - 

Sb, + 3CL, = 2SbCl3. 







AuttuioTiiotis 
cMoride. 


2S1),8", + 


9C1, 


= 4SbCl3 + 


Antmionioqe 




AntimonioiiB 
chloride 



DiauJphur 
dichlorldnt. 

2. By dissolving antimonioiis sulpbide in hydrocbloric acid, 
or antimony in bydrocbloric acid containing a little nitric acid, 
evaporating and distilling tbe product : — 

Sb^S", + aHCl ^ 3SR, -h 2SbCl,. 



Antimonioiis 
aulpbidt!' 



Hydroc'Moric 



Buliihurettiid 

hyiirojjft'Jft. 



AntimoTiioiif 
ohloridi;. 



Sb.+GHCl + 6NO,Ho = 2SbCl, + 60H, + 3'N",0J 

Hjdrocklotio ITitric AntimoniotM Water. Nitric 

ftoid. odd. chlorld«. peroxide- 
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3. By distilling antimony or antimonious sulphide with 
mercuric chloride : — 

Sb, -h 4HgCV = 2SbCl3 -h 'Sb",Hg", + 'Hg'.Cl,. 

Meronric AntiinoniouB Dimercuric Mereurous 

chloride. chloride. diantimonide. chloride. 

Sb,S", + SHgCl, = 2SbCl, + 3HgS". 

AntimoiiioaB Mercuric AntimoniouB Mercuric 

sulphide. chloride. chloride. sulphide. 

4. By distilling antimonious sulphate with sodic chloride : — 
S30«Sbo'", + eJSTaCl = 2SbCl3 + 3SO,Nao.,. 

Ajitiinonioas Sodic Antimonious Sodic 

sulphate. chloride. chloride. sulphate. 

Reaction. — With water it produces antimonious oxychlo- 
ride: — 

SbCl3 -f OH, = 2HC1 + SbOCl. 

Antimonious Water. Hydrochloric Antimonious 

chloride. acid. oxychloride. 

Long-continued action of water transforms this compound 
into antimonious oxide : — 

2SbOCl + OH, = 2HC1 + ^\0,. 

Antimonious Water. Hydrochloric Antimonious 

oxychloride. acid. oaride. 



AKTIHOinC CHLORIDE. 

SbCl.. 

Molecular weight =299'5. Fuses at OP. 

Freparation. — 1. By actiiig upon antimony with excess of 
cUorine : — 

Sb, + 5C1, = 2SbGl.. 

Antimonic 
chloride. 

2. By passing chlorine over antimonious chloride, the latter 
liquefies, producing antimonic chloride : — 

SbCl, + CI, = SbCl,. 

AntunoniouB Antimonic 

chloride. chloride. 
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OXIDES AND ACIDS OF ANTIMONY. 



Eeuetions. — 1. With a smaO quantity of water it forms 
autimonic oxy trichloride, analogous to phosphoric oijrtrichlo- 
ridei— 



SbCl, + 



Antimonio 
chloride. 



OH, = SbOCl, + 2HCI. 

Water* AntimoDic 

oi^tricblaride. 



Hydroclilorie 
acid. 



2. An excesa of water transforms antimonic chloride into 
ortlmntiinomc acid or pyrantimonic acid, corresponding to 
pyrophosphoric acid :— 



Water, 



AntijxiomG 
ahiaride. 

or 2SbCl, + 

Antimonic 
chloride. 



Orth nntimonic 
ifcuid. 



-f 5HC1 : 

Hydrochloric 
ad.± 



Water. 



= Sb,0,Ho, + lOHCL 



PjTantiJCLODiic 
add. 



Hydroehloric 
acid. 



3. By the action of sulphuretted hydrogen antimonic eul- 
photriehloride is formed : — 

SbCl, + SH, ^ SbS"Cl3 + 2HCI. 



Antiinoiiio 
chloride. 



Sal|.ihi!ir<?tte^ 
hydrogeiL 



Antimcmic 
tiolphctrichloride. 



Hydrochloric 
acid. 



Antmoniotis hromichf SbBPaj reaemhlea antimonioua chloride ; 
it fiiaea at 90^, hoils at 270^, and by the action of water is 
converted into the ox^hromidey SbOBr. 

Antmoniotis hdide, Sbl^, when acted upon by water forms 
the oxj/iodide, SbOI. 

The corresponding j^Mori^^, SbFg, is said to exist xmd to be 
soluble in water without decomposition. 



OXIBMB AND AOFDS OF AMTIMONT. 

Antimonious oxide or anhydride Sb^^O^. 

Diantimonic tetroxid© Bb'\0^. 
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Antunonic anhydride Sb^Oj. 

Metantimonioua acid , SbOHo. 

Orthantimonic acid SbOHo^P 

Metantimomc acid SbOjHo. 

Pyxantimonic acid Sbj^Ogllo^, 



AlfTrMONIOirS OXIDE, OE AHHYDEIDE, 



SbA. 



Molecular weight =292, 



Occurrence, — ^In nature in the r&m minerala valentinUe and 
genm'montUe. 

I^re^aration. — 1, By burning antimony in air : — 

2Sb, + 30, + 2Sl>p,. 

AntimDnioiia 
oxide. 

2. By pouring a solution of antimoniouB chloride in dilute 
hydrocMoric acid into a boiling solution of sodic carbonate i — 



2SbCI, + 


3CONao, 


= Sb,0, + 3C0, + 


GNaCl 


AntimoTvloos 


Sodjo 


AntimoiiLOUa Carboaic 


Bodie 






QXkde. ftohjdride. 


chlorisle. 



3. By heating metantimonioua acid to the temperature of 
boiling water : — 



2SbOHo = 

MetaniitnoiLJOQB 
acid. 



OH, 

Water. 



+ Sb,0,. 

AjLtimonioiu 
oxidt). , 



Eeacttom* — 1- When heated to redness in the air, it burnti 
like tinder, forming diantimonic tetroxide : — 

Sb,0, + -= 'SV^O. 



owouft 
oxide. 



DianUmoiii 
tetiroxide. 
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METANTIMONIOUS ACID* 



2. Readily reduced to the metallie state by ignition witli 
cbarcoal, bydrogeu, &c* : — 



Sb,0, + c, = 



Antimonioiii 
oxide. 



SbO, + 311, = Sb, 



Atitimonioua 



oxidf. 

30H. 

Wahr. 



H. E^^adily disaolyed by a hot solution of bydric potasaic tar- 
trate (cream of tartar), forming potassic antiinonylic tartrate 
(tartar emetic) r — 

rOOHo 
., 1 CHHo 
- 1 CHHo 

[cOKo 

Flydric potsssic 
tartratt' (Cream 

of tartar). 



+ SbO, ^ 2^ 



AntiiiioniouA 

oiidii. 



CO(Sb"^OJ 
CHHo 
CHHo 
COKo 

Fota8«ic! antimonylic 

tartratf' (Tart)!ir 

emetie). 



4j. DisBolved by liydrocbloric acid, forming antitnordoua 
cbloride : — 



Sb,03 


+ GHCI = 


2SbCl, 


+ 


30H,. 


Antimonioas 


HytLroeMoric 


AntimoniouB 




Wakr 


oiidt'. 


UCHl 


chJoride. 







METANTIMONIOTJS ACID. 
SbOHo. 
Molecular weigJit =155. 

Preparation,— Ej pouring a solution of antimonious cbloride 
into a cold solution of sodic carbonate v — 

2SbCl, + SCONao, + OH, 

AntimoiLioaa Bodic Water, 

chloride. o«irbonat«. 

+ 3C0^ + 6NaCl 

Carbonic 
iuihjdrid.e. 



ANTIMONIC ANHYDRIDE. 
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JBeactions, — 1. Decomposed by heat (page 131). 
2. Beadily dissolved by alkaline hydrates, producing ill-de- 
fined antiinonites. 



DIANTIMONIC TETROZIDE. 

[tioi = 's^^^^- 

Molecular weight =308. 

Occurrence. — Found native as cervantite. 

Preparation. — 1. By igniting antimonic oxide, or the white 
solid produced by the action of nitric acid upon metallic anti- 
mony : — 

2Sb,0, = 2'Sb^O, -h O,. 



Antimoilio 
oxide. 



Diantiinonic 
tetroxide. 



2. By heating antimonious oxide in contact with the air: 
+ 0, = 



2Sb,03 

Antimonious 
oxide. 



2'Sb'\0,. 

Diantimonlc 
tetroxide. 



ANTIMOKIC ANHTSBIDE. 
SbA- 

Molecular weight =324. 8p. gr, 6*6. 

-By gently heating the corresponding acids :- 



2SbOHo3 = Sb,0, + 



Orthantimonic 
acid. 

2SbO,Ho 

Metantimonio 
add. 



Antimonic 
anhydride. 

SbA 

Antimonic 
anhydride. 



+ 



Sb,03Ho, = Sb,0, + 



Fyrantimonic 
add. 



Antimonic 
anhydride. 



30H,. 

Water. 

OH,. 

Water. 

20H,. 

Water. 
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METANTIMONIC ACID. 



Meactiom. — 1. AVlien heated, it is decompoaed into difinti- 
monic tetroxide and oxygea (se^ page 183), 

2. Fused with potaasic carbonate, it produces potassie met- 
antimomato :~ 



SbA 



Antimonia 



GOKo, = 



2SbO,Xo 

Potaasic 
mebftnfcimoDiate. 



CO,. 

Cftrbomc 



OETHANTIMOmC ACTDI 

SbOHo^ ? 

Pr^aration, — Said to be formed by the action of Water upop 
antimonic chloride (see p- 130). 



METANTIMONIC ACID. 

SbO,Ho. 

Preparation. — 1. By the action of mtric aeid containing a 
little hydrochloric acid on metallic antimony : — 



+ 4iNO,Ho 

If itric add. 



= 2SliO,Ho + N,0, 

Metantimonic IS^itrooa 

acid* tinhjdride- 



If itrtc oxide. 



+ 



OH,, 

Water. 



2. By the spontaneous dehydratioE of orthantimoiiic acid, 
OP of pyrantimonic acid : — 



SbOHo, 

OrfchantLinoiuo 
adcL 

PyraDtimoiiic 



OH, 

Wtttsr. 



SbO^Ho; 

Mc'tantimuiuc 



OH, + SSbO.Ho. 

Water. Mfstatitimoaic 



PYRANTIMONIC ACIB. 
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Reaction, — By the action of alkaline hydrates it produces 
Hther metantimoiiiates or orthantimoniates : — 



SbO.Ho + 

Metafitiinonio 

SbO.Ho 

MetantimDnic 
add. 



OKH 

Potaasic 
hydmtc. 

+ OKH 

Potossio 
bjdrate. 



^ SbO.Ko + OH, 



PotHH«Hli(! 

metautinicmat^'^ 



Wator 



SbOHo,Ko, 

orthfti ' 



PYRAJTimOinC ACID, Farmtimonic Acid. 
{Metantimonic acid of Frem^.) 
SbAHo,. 
Preparation. — By acidifying solutions of pyrantimoniates : — 



Sb^O^Ko^Ho^ 


+ 2HC1 = 


Sbp^Ho, 


+ 


2KC1. 


Dihjdric dlpotaasio 


Hydrochloric 


Pjrantiiiiomc 




Potaasio 


pyrantimoaiate. 


add. 


acid. 




(chloride. 



Bihydric dipotMsie pymntimoniate is prepared by fusing an- 
timome anhydride with excess of potassic hydrate, and extract- 
ing the mass with water j when ao alkaline solution containing 
dihydric dipotas&ie pyrantimoniat© Sb^OgHo^Ko^ ia formed. 
This solution produces precipitates in solutiona of sodium 
salts, the sodic pyraotmiomate thus formed containing 
Sb,0,Ho,Kao„ 60H,. 



COMFOUNB OFANTIMOWT WITH OXTQEN 
ANTIMONIOUS OXYDISULPHIDE. 

rsbs" 
Isbs' 

Molecular weight =324. 
Occurs as a rare mineral known as red antimontf. 
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ANTIMONIOUS 8ULFHIDE. 



COMFOUNBB OF AJSTTIMOUTT AJH) SULPMUm 

Antimonioiis sulphide STi^^S^^, 

Antimonic iulpliide STi^S'^g. 



ANTIMONIOUS StTLPHIDE, Sulphantmomom Anhi/dride.\ 

Molecular weight =340. 

OcGtirreme. — In nature as ittbnite ot gretf antimony ore. 

Preparation, — 1, By heating together antimony and snip hi: 

or antiiiionious oxide aud sulphur in the proper proportions :- 



2Sb, 


+ 


38, = 2Sb,S3. 

Antimonious 
sulpkidt^. 




2SbA 


+ 


S, = 2Sb,S", 


+ SBO,. 


AnttBiommia 
oxide. 




Antiraonious 
sulphide. 


ajihydride- 



2. By passing anlphnretted hydrogen throngh a solution 
antimonions chloride : — 

2SbCl3 + 3SH, -= Sb S'; + 6HCI 



AntimoniouH 
chloride. 



Sulphuretted 
hydrogen. 



AnHrtinnloTJS 

aulphide. 



Mjdrochiarii!? 



Eeactiom. — 1. Decomposed by hot hydrochloric acid (» 
p. 128). 

2. Soluble with decompoaitiou m solutions of alkalioe hj 
drates : — 



Sb^S^', + 61vHo = 



Antimanlous 
sulphidt'. 



hydrate. 



SbKs, 4- SbKog -h 30H, 

TripotJiHsic Tripotaasic Water. 

Bulphfl-nti- autiinonite, 

monitc. 



Addition of an iu:id reproduces and precipitates the antimc 
nious sulphide i — 

SbKs3 + SbKo^ + 6HC1 = Sb^S", + 6KC1 + 80H^ 

TristdphcK Tfipotanaie Hydro- Antimo- FoitJUHic Watef; 

Ijotntfaie antunonite. chloria nioxis ehioridu. 

ttuJphanti' a4ad> auJphide. * 

luomte.^ 
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3. Soluble in alkaline sulphhydrates : — 

Sb,S"3 + 6KHs = 2SbKs3 -f 3SH,. 

AntimonioiiB Fotassic Trisulphopotassic Sulphuretted 

sulphide. sulph- sulphanti- hydrogen, 

hydrate. monitc. 



SULPHANTIMONITES. 
Many sulphantimonites occur in nature : — 



General formul(B : — SbMsg and Sb^Ms'V 

Dark-red silver. Trisulpha/rgentic sulphan- 

timonite SbAgSg. 

Coulangerite. Trisulphophimhic sulpJian^ 

timonite Sb2Pb8"3. 

Coumonite. Dimlphoplvmbic sulphocti- 

prous aulphmtimonite Sb.^Pb8"2(Cu2S"2)". 



General formula :Sh^"M.^ and Sb2S"2Ms". 

Miargyrite. SvUfJiargentic metasulphcm- 

timonite SbS"Ags. 

Zinkenite. Sulphophmbic metasulphanti- 

monite Sb2S"2Pb8". 

Antimony copper glance. StllpJiocuprous 

metamlphcmtimonite Sb2S"2(Cu2S"2)". 

Berthierite. Sulphoferrous metasulpTum- 

timonite Sb,S''Pes". 



*2 2-* 



PyrosulpJiantimonites. 
General formula 1—^}}^"^^^ and Sb2S"Ms"2. 
Feather ore. SulphopltmMc pyrosulphm- 

timonite Sb^S'Tbs'V 

Pahlore. Sulphocu^osoferrovs pyrosutph- 
antimonite ; Sb^S'^Cu^FeS^'gyV 
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AXTIMONIC BULFHIDE. 



A^TTIMONIC SULPHIDE, Sulplantimonie Anhydride. 

Mohcular weight =404. 

Fr^aration, — ^1, By passing sulplmretted hydrogen througli 
a aolutioo of aatimonic chloride :^ — 



2SbCL + 5SK = 



chloride. 



SidphuTL-tbea 
hydrogen. 



Sb.S". 

Antimonie 
Bulphide. 



+ lOHCi 

Hydrochloric 
odd. 



2. By the addition of an acid to a solution of a sulphanti^ 
moniate ; — - 



2SbS"Naa, + 6HC1 ^ Sb^S", + 

Hydro- Antimoiiia Bodio 

chloric! sulphide. chloride. 



TTiBnlphr:i60(lio 
ialphantimoiiiato, 



Eujid. 



6]S"aCl + 3SH,. 

Bulphu- 
hjdrogi'ii. 



Eeactians. — ^1. Decomposed by boiling hydrochloric acid, into 
antimonions chloridoj snlphnretted hydrogen, and stdphnr : — 



AntJmotiic 
iulphide. 



6HC1 = 2SbCl, + 3SH, + S,. 



Hydro- 

cshloric 

acid. 



jLutiiiiomoUB 
chloride. 



BulphQ- 

i*ytt^?d 

hydrogen. 



2. Soluble in aolutions of alkaline sulphides : — 

Sb^S", + 3SK^ = 2SbS"Ks3. 

Antimonkf PotaHaie TriaulphopotaMto 

sulphide. eulphkle. Btdpkantimonifiito^ 

3. Soluble in solutions of alkaline hydrates :■ — 
4Sb,S", 4- 240KH = SSbOKo^ + SSbS^Ks, + 120H,. 

AntiiiiDiLic Fotassic! TripotAMic TriDulphopotaesic Wa 

fujphjde. hydrate. uitlmoiiiftte. BDlphand- 

moni&tet 



BISMUTH0U3 CHLORIDE. 
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BISMUTH, Bi,? 

Atomic weight =208. Sp. gr, 9*83. IFmes at 265''. AUmicittf 
'" and ^ Mmieitce ofatomimt^ i — 

Bismuthous chloride Bi" ' Cl^. 

Bismuthoim oxide Bi'^^Oj. 

Bismuthoua etliide Bi^'Et^. 

Biamuthous die blorethi d e Bi' ' 'Et Cl^. 

Biamuthic aniiydride Bi^^O j. 

Occurrence. — Principally in tke metallic atate in nature. 

Preparatlmi.—l. On a large scale by fusion and aeparation 
from earthy impuritiea. 

2. It may be obtained m. the pure state by diBSolnng com- 
xnercial bismuth iu nitric acid, precipitatiDg the basic nitrate 
by addition of water, and reducing the precipitate by ignition 
with charcoal. 

No compound of bismuth with hydrogen is known. 



COMFOUNB OF BISMTTTK WITR CRLOBINE. 

BISMUTHOUS CHLOEIDE. 

BiCl,. 

Molecular iveigM =314*5. Molecuhr volume f H . 1 litre of 
hmnuihous chloride vapour icei^ks 157*25 entJis. 

Preparation. ~\. By paaaiog dry chlorine over metallic bia- 

muth : — 

Bi, + 3C1, = 2BiCl,. 

chloride. 

2. By evaporating a solution of bismuth in hydrochloric acid 
containing a little mtric acid, and distilliug. 
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3. By distilling metallic bismuth with mercuric chloride :- 
Bi, + eHgCl, = 2BiCl3 + 3'Hs',Cl,. 

Mercuric Bismnthous Mercurous 

chloride. chloride. chloride. 

Eeaction. — By the addition of water it is decomposed, form 
ing bismuthous oxychloride : — 

BiCl, + OH, = BiOCl + 2HC1. 

Bieonathoas Water. Bismuthous Hydrochlo- 

chloride. oxychloride. ric acid. 

The following compounds are also known : — 

Bismuthous bromide BiBrg. 

Bismuthous iodide ^^^s- 

Bismuthous fluoride ^^^a- 

Bismuthous oxybromide BiOBr. 

Bismuthous oxyiodide BiOI. 

{BiCl 
BiCf 



COMFOUJNDS OF BISMUTH WITH OXYGEN 
AND RTDBOXTL. 



Dibismuthous dioxide ] 2- S 

Bismuthous oxide Bia^a- 

Dibismuthic tetroxide 'Bi^^^O^. 

Bismuthic anhydride Bi^O,. 

Bismuthous oxy hydrate, or meta- 1 ^.^-p- 

bismuthous acid J ^' 

Metabismuthic acid BiO.Ho. 



BXSMUTHOUS OXIDE. 
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BISHUTHOXIS OXIDE. 
Bi,0,. 
Molecular weight =464. 8p. gr, 8*2. 

Occurrence. — As the rare mineral bismuth ochre. 
Preparation. — 1. By burning bismuth in air or oxygen. 
2. By heating the nitratB, carbonate, or hydrate : — 

2N30eBio"' = Bi,03 + 3N,03 + 30,. 

Bismuthons Bismntbous Nitrous 

nitrate*. oxide. anhydbride. 



2NO,(m"'Ho,0) 

Bismuthoos nitrate 
dihydrate t- 



Bi O3 + 20H, 



BiBtnutiioas 
oxide. 



Water. 



Nitrons 
anhydrid 



+ o. 



CO(BiO,), 

Bismnthylic 
carbonate J. 



Bi,o, + 00,. 

Bismntbous Carbonic 

oxide. anbydride. 



2BiOHo = Bi,0, + OH,. 

Bismntbous Bismntbous Water, 

oxybydrate. oxide. 




/ \^ 



9® ©(J 



Bismntbous nitrate. 




Bismntbous nitrate dihydrate. 
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BISMUTHIC OXIDE. 



8. Bj boiling bismutlious hydrate in Bolution of potaesic hy- 
drate, whereby it ia coaverted into biBmuthoufl oxide with loss 
of water. 

Meactions. — Bisaolved by hydrochloricj nitric, and sulphuric 
ftcida, forming the biamuthous chloridej nitrate, and aul- 
phate I— 



BiCl,. 


N,0,Bio"'. 


S,0,Bio"', 


Biflmuthoui 


BiBmuthous 


BisiDuthaiia 


ehbridt!. 


mtrate. 


sulphate. 



BISMUTHOUS OXYHTDBATE, Metahumuihms Acid, 
BiOHo. 

Freparation,—Bj pouriDg a solution of biamuthone nitrate 
in dilute uitric acid into dilute amraouia or potassic hydrate, 
and drying the precipitate, which, at flrat, probably containa 
orthobiamntliouB acid : — 



N,0,Bio'" 

BiflnmtlioaB 
nitrate- 



SOKH ^ 

Pot'Oasic 
hydrate- 



BIHo, H 

Orthobismuth ouh 
acid- 



3WO,Ko. 

Fotuaiio 



BiHo, = BiOHo + OH, 



OrthobismuthouB 

acid. 



MetabiBiDuthous 
auid. 



Water. 



Meacfion. — ^By beat or by boiling with caustic alkali, the 
water is expelled, and bismutbous oxide formed (see p. 141). 

An unstable metabismuthite ia produced by fusing bismu 
thous oxide with sodic carbonate i — 



Bi.O, 


+ 


CONao, '. 


= 2BlONao 


+ CO,. 


tianiutboiiB 




SlMlic 


Sodio 


Cttrbonic 


oiidt. 




carbaDBie. 




anhydride. 



BISKUIHIC OXIDE, OR ANXTDBIDE. 
Bi,0, 

Freparatwfi. — ^By heating bismuthic acid to 130°. 
Meactions. — ^1. When heated to the boiling-point of mer- 



METABISMUTEIC ACID, 
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<mry, it loses oiygen, being canrerted either into bismuthous 
o^de or dibismuthic tetroxide . — 



Biamuthoua 



Biemtithic 
oxide 

2Bi.,0, = 2'Bi'\0, + O,. 

EiEmathia Dibisiuuthic 

oxide. tt^troxide. 

2. When Keated in a current of hydrogen, it is readily reduced 
to bisnmthous oxide. 

3, Heated with hydrochloric acid^ it evolves chlorine, produ- 
eing hiamnthoue chloride and water :— 



fe 



Bi 0, + lOHCl = 2BiCl, + 



Biimathic 
oxide. 



Hfdrochlcrifl 
add. 



Bifniuthoii^ 
chloride. 



50H. 

Watur. 



+ 2C1,. 



4. Sulphurous acid converts it into bismuthous sulphate : — 
aBi,0, + aS(3Ho, = 2S,0„Bio"', + Bip, + 60H,. 

fiigmutliie Bulphtiroua Biamutbcma Biiiiiniiithoiiii WhUt. 

oxide. add. ttiiphnto. oxide. 

5. When heated with sulphuric or nitric acid, it evolves 
oxygen, producing hismuthous sulphate or nitrate:-— 



Bi.,0, 




3S0,Ha, = 

Sutpboric 



S,0,Bio"', 

Bismuthous 
suIphMc 



GNOTIo = 2N,0,Bio" 



Nitric 
•dd. 



Biammlioufl 
nitrate. 



30H, 

Water. 

30H, 

Water. 



+ 0. 



+ o. 



HETABISHUTHIC ACID. 
BiO,Ho. 

Preparation. — Obtained aa a red deposit by passing chlorine 
through a solution of potassic hydrate containing bismuthous 
oxide in suspension : — 

40KH + 2C1, + Bip3 =^ 2BiO,^Ho + 4KC1 + OH,. 

PoteMdo BlunutJiona Metablaiuuthio PotoiBJc Water, 

hfdratc. oxidu. acid. ehloride- 
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Reaction. — Di ssolves in hot solution of potassic hydrate. By 
the addition of an acid to the liquid, a salt, said to have the 
composition 

Bi,0,HoKo, 
is precipitated. 



COMPOUNDS OF BISMUTH WITH SULPHUR. 

Dibismuthous disulphide 'Bii!'^^"^, 

Bismuthous sulphide Bi2S"3. 



DIBISMUTHOUS DISULPHIDE. 

\ BiS'" ' ^' 

Molecular weight =480. Sp. gr. 7'B. 

Preparation. — By fusing bismuth and sulphur together in 
the proper proportions. 



BISMUTHOUS SULPHIDE. 

Bi^S'V 
Molecular weight =512. ^. gr, 6*4. 

Occurrence. — As the rare mineral bismuth glance. 

Preparation. — 1. By fusing sulphur and bismuth in the 
proper proportions. 

2. By precipitating bismuth solutions by sulphuretted hy- 
drogen : — 

2BiCl3 + 3SH, = Bi,S"3 + 6HC1. 

Bismuthous Sulphuretted Bismuthous KjdxwAdario 

chloride. hydrogen. sulphide. aeid. 



. POTASSIUM. 145 

Seaetian. — This compound is not dissolvedby alkaline hydrates 
or sulphhydrates. 

A few sulphobismuthites are found in nature : — 

Kobellite. Sulphaplumbic gulphobismuthite Bi^Phs",. 
Needle ore. DimlphoplumhicO'Cwprom l ,, , 

sulphohumutUte j Bi.Pbs ,(Cu,S,) . 



BISHUTHOUS DITELLUEO-SULFHIDE. 

Bi,Te",S". 
8p, gr. 7-5 to 78. 

Occwrrence. — In nature, as fellwric bismuth or tetradymite. 



CHAPTER XVII. 

MOKAD ELEMENTS. 

Section III. 



POTASSIUM, K,. 

Atomic weight =39. Probable molecular weight =78. 8p. gr. 
0*865. Fuses at 55°. JBoils at a low red heat. Atomicity '. 
Evidence of atomicity : — 

Potassic chloride KCl. 

Potassic iodide KI. 

Potassic hydrate KHo. 

Potassic sulphide SK^. 

Occurrence. — In rocks in the form of silicate, and in soils 
partly as carbonate. As chloride in solid saline deposits. 

H 
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In the juices of almost all plants, generallj in combination 
with organic acids. 

In sea-water and in most mineral waters. 

Preparation. — 1. By the action of a powerful voltaic current 
upon potassic hydrate, when potassium and hydrogen are libe- 
rated at the negative pole : — 

20KH = K, + H, + 0,. 

Fotassio 
hydrate. 

2. By submitting potassic hydrate to the action of metallic 
iron at a strong white heat : — 

40KH + SFe = *^(Pe3)^0, + 2K, + 2H,. 

Potassic Magnetic iron 

hydrate. oxide. 

3. By igniting hydric potassic tartrate (cream of tartar) out 
of contact with air, and subsequently mixing the residue, con- 
sisting of potassic carbonate and carbon, with charcoal, and 
distilling at a very high temperature : — 

First operation : — 
'COKo 

CHHo = ^^^""^ + ^°^» + ^^^ + ^^• 
.COHo 

Hydric Potassic Water. Carbonic 

potassic carbonate. oxide, 

tartrate. 

Second operation : — 
COKo, + 2C = 3C0 -h K,. 

Potassic Carbonic 

carbonate. oxide. 

Reactions . — 1. Potassium decomposes water at the common 
temperature with great energy, the heat evolved being suffi- 
cient to cause the ignition of the liberated hydrogen : — 
K, + 20H, = 2KHo + H,. 

Water. Potassic 

hydrate. 

2. When potassium is ignited in a stream of carbonic anhy- 
dride, a portion of the latter is decomposed : — 

2K, + 3C0, = 2COKo, + C. 

Carbonic Potassic 

anhydride. carbonate. 
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COMPOUNDS OF POTASSIUM WITH CHLORINE, 
BBOMINE, IODINE, AND FLUORINE. 

Potassic chloride KCl. 

Potassic bromide KBr. 

Potassic iodide KI. 

Potassic fluoride KP. 

Potassic iodide is prepared by digesting iron filings, water, 
and iodine together, filtering the colourless solution, and pre- 
cipitating tbe iron by potassic carbonate : — 

Pe + I, = Pel,; 

Ferrous 
iodide. 

Pel, + COKo, = 2KI + COFeo". 

Ferrous Fotassio Potassic Ferrous 

iodide. carbonate. iodide. carbonate. 



COMPOUND OF POTASSIUM WITH HTDBOXYL. 

POTASSIC HYDRATE, Caustic Potash, Potash, 
KHo, or OKH. 
Preparation. — 1. By boiling in an iron vessel a solution of 
potassic carbonate with calcic hydrate : — 



COKo, 


+ 


CaHo, = 


= 2KHo 


+ 


OOCao" 


Potassic 




Calcic 


Potassic 




C&lcia 


carbonate. 




hydrate. 


hydrate. 




carbonate. 



2. By the action of potassium upon water (see p. 146). 
Reactions, — By contact with acids potassic hydrate produces 
potassium salts : — 

KHo + HCl = KCl + OH,: 

Potassic Hydrochloric Potassic Water, 

hydrate. acid. chloride. 

KHo + SO.Ho, = SO,HoKo + OH,: 

Potassic Sulphuric Hydric potassic Water, 

hydrate. acid. sulphate. 

2KHo + SO,Ho, = SO,Ko, + 20H,. 

Potassic Sulphuric Potassic Water, 

hydrate. acid. sulphate. 

h2 



148 



POTASSIC OXIDE. 



COMPOUNDS OF POTASSIUM WITH OXYGI 
Potassic oxide OK^. ©-©-© 

OK' ©"©"©"( 



Potassic tetroxide 



roK 



• 

OK 



POTASSIC OXIDE. 

OK,. 

Preparation. — 1. By heating potassic hydrate with 
sium : — 

2KHo + K, = 20K, + H,. 

Fotassio FotaBsio 

hydrate. oxide. 

2. By fusing together, in a current of nitrogen, p( 
peroxide and potassium : — 

K,0, + 3E; = 40K,. 

Fotassio Fotassio 

peroxide. oxide. 



POTASSIC DIOXIDE. 

Preparation. — Obtained by the action of water on pc 
peroxide. 
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POTASSIC TETBOZIDE, Fotassic Feroxide. 
^^^aration. — Bj fusing potassium in a current of oxygen. 

(^Ol^OUND OF POTASSIUM WITH HYDBOSULPHYL. 

FOTASSIC SULPHHTDBATE. 
KHs. 
Reparation. — By saturating potassic hydrate with sulphu- 
retted hydrogen : — 

KHo + SH, = KHs + OH,. 

Potaaiie Sulphnrett^ Potassio Water, 

hydrate. hjdrogen. Bulphhjdrate. 



COMPOUNDS OF POTASSIUM WITH SULPHUR, 
The following have been obtained : — 

Dipotassic sulphide SK^. ©"(f)"® 

Dipotassic disulphide ... KjS,. ©-(iMl)-® 

Dipotassic trisulphide . . . K^S,. ®-(l)-(l)--(^V® 
Dipotassictetrasulphide. K^S^. ®-0-0-0-0-0 

Pipotassic ^ 

heptasul. I ... KA? (5>^)-®-<!>-®-®-<!>^^ 
phide ...J 

DIPOTASSIC SULPHIDE. 

SK,. 

Preparation, — 1. By the action of potassic hydrate on potassic 
sulphhydrate : — 

KHo + KHs = SK, + OH,. 

Potassio Potassic Dipotassic Water, 

hjdrate. sulphhydrate. sulphide. 
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LITEB OF SULFHUB. 



2. By igniting potassic sulphate with hydrogen or carbon: — 
SO,Ko, + 4H, = SK, + 40H,. 

Potassic Dipotassio Water, 

sulphate. sulphide. 

Reactions of dipotasaic sulphide and the higher potassic sul- 
phides : — 1. By heating dipotassic sulphide with the necessary 
quantities of sulphur, it forms the higher potassic sulphides. 

2. The potassic sulphhydrate and dipotassic sulphide, when 
acted upon by acids, yield sulphuretted hydrogen : — 

KHs + HCl = KCl SH,. 

Potassic Hydrochloric Potassic Sulphuretted 

sulphhydrate. add. chloride. hydrogen. 

SK, + 2HCI = 2KC1 + SH,. 

Dipotassic Hydrochloric Potassic Sulphuretted 

sulphide. add. chloride. hydrogen. 

3. The higher potassic sulphides, similarly treated, yield sul- 
phuretted hydrogen and a precipitate of sulphur : — 

KA + 2HC1 = 2KC1 + SH, + S,. 

Dipotassic Hydrochloric Potassic Sulphuretted 

trisulphide. add. chloride. hydrogen. 

4. A mixture of the higher potassic sulphides and potassic 
hyposulphite, known under the name of hepar sulphuris or liver 
of sulphur, may be prepared by heating potassic carbonate with 
sulphur : — 



3COKo, + 



Potassic 
carbonate. 

3COKo, 

Potassic 
carbonate. 



2KA 

Dipotassic 
trisulphide. 



+ SS"OKo, + 



+ 6S, = 



2KA 

Dipotassic 
pentasulphide. 

5. The last mixture, when acted upon by acids, suffers sue 
cessively the following decompositions : — 



Potassic 
hyposulphite. 

SS"OKo, 

Potassic 
hyposulphite. 



3C0,; 

Carbonic 
anhydride. 

3C0,. 

Carbonic 
anhydride. 



2KS, + SS"OKo, + 6HC1 = 6KC1 



Dipotassic 
pentasulphide. 



Potassic 
hyposulphite. 

SS"OHo, 4 

phurous 



then 



Hydrochloric 
add. 

2SH, + 

Sulphuretted 
hydrogen. 



SS"OHo, = SO, + S + 



Potassic 
chloride. 



Hyposulphurous 
acid. 



Sulphurous 
anhydrid 



ride. 



4S, 



OH, 

Water. 
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POTASSIC CAEBONATE. 

COKo,. 

Preparation, — 1. By lixiviating the ashes of land-plants. 
2. Bj burning hydric potassic tartrate in a current of air. 



SODIUM, Na,. 

Atomic weight =i2S. Probable molecular weight =4i6. Sj>,gr. 
0*97. Fuses at 90®. Boils at a red heat. Atomicity '. 
Uvidence of atomicity : — 

Sodic chloride NaCl. 

Sodic hydrate ONaH. 

Sodic oxide ONa^. 

Occurrence, — In nature in the form of chloride. In sea-water 
and most springs. As silicate in several minerals. 
Preparation. — 1. By electrolyzing sodic hydrate. 
2. By acting upon sodic hydrate with metallic iron at a 
strong white heat. 

Manufacture. — By distilling in an iron retort a mixture of 
sodic carbonate and charcoal : — 

CONao, + 2C = Na, + SCO. 

Sodio Carbonic 

carbonate. oxide. 

"Reactions. — Similar to those of potassium, but less energetic. 
The compounds of sodium very much resemble those of po- 
tassium. 



SODIC CARBONATE. 

CONao,. 

Manufactwre. — 1. Formerly by the lixiviation of the ashes 
of marine plants. 

2. By Leblanc's process, which consists in first transforming 
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sodic chloride into sodic sulphate hj the action of sulphuric 
acid: — 

2XaCl + SO3H0, = 2HC1 + SO^^ao,. 

Sodic So^biiric HTdrocfalorio Sodic 

ddoride. acid. add. —^phatc. 

The sodic sulphate (technicallj termed saU cake) is next 
heated with calcic carbonate and small coal. The carbon re- 
duces the sodic sulphate to sulphide, and the calcic carbonate 
transforms the sodic sulphide into sodic carbonate, insoluble 
calcic oxysulphide being simultaneously produced : — 

5SO,Nao, + 20c = 5SNa, + 20CO; 

Sodic Sodic Caibonie 

snlphate. snlpliide. oizide. 

5SNa, + 7COCao" = 5C0Nao, 

Sodic Calcic * Sodic 

anlphide. carbonate. carbonate. 

+ 6CaS",2CaO + 2CO,. 

Calcic ozysulphide. Carbonic 

anhydride. 

The sodic carbonate, commonly called ^oda ashy is obtained 
by the extraction of the resulting mass with water. 



LITHIUM, Li,. 

Atomic weight =7. Probable molecular weight =14. Sp, gr. 
=0-59. Fuses at 180°. Atomicity ', Evidence of ato- 
micity : — 

Lithic chloride LiCl. 

Lithic hydrate (Lithia) OLiH. 

Occurrence. — In nature, in the minerals petalite, spodumene, 
lepidolite, and triphylline, and in small quantities in some 
mineral waters and ashes of plants. 

The properties of lithium resemble those of potassium and 
sodium ; and the compounds of the three metals also exhibit 
considerable similarity. 



THAIXIUM. 153 

CSSnnK and BUBIDIUM. 
The compounds of the two metals caesium (C8=133) and 
rubidium (Ifcb=85'5), which have been recently discovered, 
doselj resemble those of potassium and sodium. 



Sectiok IV. 
THALLIUM, Tl,. 

Atomic weigM =204. Probable molecular toeiglit =408. 8p, 
gr. 11-81 to 11-91. Ft^Bs at 561*". Aiomidty ' and perhaps '". 
Evidence ofdUmicity :- — 

Thallic chloride TlCl. 

Thallicoxide OTl,. 

ThaUic perchloride Tl"'Cl3? 

Occurrence. — In small quantities in certain varieties of py- 
rites, and in minute quantities in some mineral springs. 

Preparation, — By extracting with water the deposit formed 
in the flues of sulphuric acid-chambers, and precipitating the 
thallium by hydrochloric acid. The chloride is converted into 
sulphate by the action of sulphuric acid ; and when purified, a 
solution of the sulphate is decomposed by metallic zinc, which 
precipitates the metallic thallium. 

The following list contains the principal compounds of this 
metal: — 

Thallic chloride TlCl. 

Thallic perchloride TICl,? 

Thallicoxide OTl,. 

fOTl 

Thallic peroxide -^ O ? 

[OTl 

Thallic sulphi4e , STl^. 

Thallic nitrate NO^Tlo. 

Thallic sulphate..... SO,Tlo,. 

Thallic carbonate COTlo,. 
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SILVER* 



Two other compounds of th^Lum with clilorme have also 
teen deacribed^ but thej have not yet been completely inreati- 
gated. 



I 



SILVER, Ag^. 
Atomic weyflti =108. Frobahh molecular weigM =216. 8p. 
gr. 10*4743. Fimes at about lOOCP, Atomiciti/ \ JEvi- 
dence of aiomieitif :^ 

Argentic chloride...... „.... AgCI 

Argentic iodide AgL 

Argentic oxide ^^^a 

Occurrence. — In nature in the free state, and aa sulphide 
in nlver glance i as aulphantimonite in dark-red mlver^ore 
(see p. 137), aa chloride in horn-silver, as a compound of bro- 
mide and chloride (2AgBrj 3AgCl) in emiboUtej and also as 
carbonate. 

Extraction, — 1, The silver minerals are roasted with sodic 
chloride, by which the metal ia converted into chloride ; the 
nia^s is then mised with water, scrap iron, and mercury, and 
agitated for some hours. The iron reduces the argentic chlo* 
ride to the metallic state^ and the ailver is then dissolved by 
the mercury, 

2. By crystallizing argentiferoui lead, l^early pure lead ia 
first deposited, and the residue rich in silver is then cupelled. 

Meactions. — 1. Silver is blackened by sulphuretted hydrogen, 
argentic sulphide being formed. 

2. Silver is acted upon by hot concentrated sulphuric acid ; — 

kg, + 2S0,Ho, = SO^go, + 20H, + SO,. 

Sulphurio Aig^entic W»ter- Snjphiurous 



acid. 



■ulphate. 

3. Nitric acid readQy disaolvee silver i — 
SAg, + 8N0,Ho = GNO^Ago 4- 40H^ 



Fitric 
aotil 



Ajqgetitio 
nitrate^ 



W^ter. 



ftahjdride. 



oxidew 



^ At a red heat silver decomposes hydrochloric acid: — 
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Ag, + 2HC1 = H. + 2AgCl. 

Hydroohlorio Aiventio 

•dcL ohloride. 

There are tliree compoiuids of silver with oxygen : — 

Argentous oxide ^^g*- 

Argentic oxide O-^ga* 

Argentic peroxide 1 OA^ 

Argentous oxide is prepared by heating argentic citrate to 
100° in a stream of hydrogen, dissolving the residue, which 
contains argentous citrate, in cold water, and precipitating the 
argentous oxide by potassic hydrate. 

Argentic oxide is formed by precipitating argentic nitrate 
with a solution of baric hydrate, and drying the precipitate, 
which is probably argentic hydrate, AgHo. This is the salifi- 
able oxide of silver. 

Argentic peroxide is obtained by electrolyzing a solution of 
argentic nitrate, when it is deposited upon the positive pole. 

Argentic chloride, bromide, and iodide are insoluble in water 
and nitric acid. 



CHAPTER XVIII. 



DYAD ELBMENTS. 

Sectiok II. 
BABITJH, Ba. 
Atomic weight asl37. Probable molecular weight =137. Sp. 
gr. between 4*0 and 5*0. Fuses below a red heat. Aiomicity ", 
Evidence of atomicity : — 

Baric chloride Ba"Cla. 

Baric hydrate Ba"Ho^ 

Baric oxide Ba"0. 
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BARYTA. 



Occurrence. — In nature in tlie form of sulphate in the 
mineral heavy spar, and as carbonate (COBao") in taitherite. 

Preparation. — 1. By electrolyzing moistened baric hydrate, 
carbonate, nitrate, or chloride, the negative electrode being 
mercury. An amalgam of barium is thus formed, from which 
the mercury is removed by distillation. 

2. By passing the vapour of potassium or sodium over baric 
oxide strongly heated in an iron tube, and extracting the metal 
by means of mercury. 

3. By acting upon a solution of baric chloride with sodium 
amalgam, barium amalgam is produced. 

Reaction, — Barium decomposes water at the common tem- 
perature : — 



Ba + 20H, 

Water. 



H, + BaHo,. 

Baric 
hydrate. 



COMPOUNDS OF BARIUM WITH OXYGEN, 
Baric oxide BaO. ©^=© 



Baric pero!xide 




BAETTA, Baric Oxide. 

BaO. 

Preparation. — 1. By converting the native carbonate into 
nitrate by the action df nitric acid, and then heating the nitrate 
to redness in an iron crucible^'—' 



BARYTA. 
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COBao" + 2NO,Ho = ^380** + OH, + CO,; 

I NO, 

Baric Kitrioadd. Bario Water. Carbonic 

carbonate*. nitrate f. anhydride. 

fNO, 
2\Biu/' = 2BaO + SW'A + 0,. 

[no. 

Baric Baric Nitric 

nitrate. oxide. peroxide. 

2. The nitrate may be obtained from native baric sulphate 
by mixing the latter with charcoal and heating the mixture to 
a high red heat, by which the sulphate is converted into sul- 
phide — 

SO,Bao" + C, = BaS" + 4C0 ; 

Baric Baric Carbonic 

■olphate X* sulphide. oxide. 

the residue is then treated with dilute nitric acid, when baric 
nitrate is formed. 

Beaction. — In contact with water, baric oxide is converted, 
with great evolution of heat, into baric hydrate : — 

BaO + OH, = BaHo,. 

Baric Water. Baric 

oxide. hydrate. 



©=©(_)© t 

® 
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BAEIC PEBOXIDK 

Preparation. — 1. By passing oxygen over baric oxide or baric 
hydrate heated to dull redness :-r- 



2BaO + O, = 2Bag|. 

Bario Bftrio 

oxide. peroxide. 

2BaHo, + O, = 2Bag| + 20H,. 

Baric Baric Water, 

hydrate. peroxide. 

2. By beating baric oxide to redness in a crucible and gra- 
dually adding potassic chlorate : — 

3BaO + C10,Ko = KCl + 3Bag|. 

Baric Pot»8Bio Potassio Bario 

oxide. chlorate. chloride. peroxide. 

Bedctions. — 1. By the action of heat it splits into baric 
oxide and oxygen : — 

2Bag} = 2BaO + O,. 

Baric Baric 

peroxide. oxide. 

2. By treatment with steam at the same temperature at 
which the peroxide was previously formed, it produces baric^ 
hydrate and oxygen : — 

2Bag| + 20H; = 2BaHo, + O,. 

Baric Water. Baric 

peroxide. hydrate. 

8. By the action of acids upon baric peroxide, hydroxyl is 
formed (p. 44). 
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COMPOUND OF BARIUM WITH HYDBOXYL. 

BABIC HTDEATE, Cavstic Baryta. 
BaHo,. 

Preparation. — 1. By the action of water on baric oxide 
(p. 157). 

2. By boiling in water, with cupric oxide, the mass con- 
taining baric sulphide, prepared by reducing baric sulphate 
"With carbon : — 

BaS" + CuO + OH, = BaHo, + CuS". 

Bario Cuprio Water. Baric Cuprio 

Bolphide. oxide. hydrate. sulphide. 

Barium salts are formed by the action of acids upon baric 
hydrate, carbonate, or oxide. 



DIHTDEIC BAEIC DISTJLPHATE. 



I 



SO,Ho 
Bao" . 
SO^Ho 




This compound is formed by boiling baric sulphate in con- 
centrated sulphuric acid, when the salt crystallizes on cooling. 



STBONTIUM, Sr. 
Atotnie weight s 87*5. Probable molecular weight =87*5. 
8p, gr, 2*5. Fuses at a higher temperatv/re than barium. 
Atomicity '\ Evidence of atomicity : — 

Strontic chloride Sr"Cl,. 

Strontic hydrate Sr"Ho . 

Strontic oxide Sr"0» 
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CALCIUM. 



Occurrence. — In tbe form of carbonate eb the mineral siron- 
timiite^ and as sulphate in celmtine. 

Preparatwn.—l. By the same methods aa those employed 
in the preparation of barium. 

2, By electrolyzin^ fuaed strontic chloride. 

Character. — The compounda of stroutitim resemble those of 
barium in constitution, preparation, and properties. 

The gtrontic peroxide can only he prepared by adding hy- 
droxyl to a solution of strontic hydrate v — 



SrHo, 

Strontic 



+ Ho, = 

Hydroiyl. 



Btrontto 
peroxide. 



4- 20H,. 



Water. 



Strontic carlonate is more easily decomposed by heat tral 
baric carbonate. 



CALCIUM, Ca. 

Atomic weight '^ 4^0, Probable molecular weight —4^0, Sp.f^r. 
1*6. Atomicity '\ Mpidence of atomicity i — 

• Calcic chloride Ca^Clg. 

Calcic hydrate .... Ca"Ho3. 

Calcic oxide. , Ca"0, 

Occurrence, — ^In nature as carbonate in the numerous ealc 
sparSf chalk, marble, &c. ; aa tetrahydric calcic sulphate 
(SHo,iCao'') in yfpsum^ alabmter, selemie^ &c. ; as phosphate 
in apatite Rud pho?phi>riie (see p. 119); as fluoride in the^iww- 
»pars (see p. 96), and in combination with Bilicon, oxygen, and 
other metals in numerous minerals. 

Preparation. — 1. By proceeses similar to those employed for 
the preparation of barium and strontium, 

2. By fusitig together Bodium, zinc J and calcic chloride, 
and atibaequently heating the alloy of calcium and zinc so 
obtained, to a very Wgh tepperature in a crucible of gas-car- 
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bon, when the zinc volatilizes, leaving the calcium, which con- 
tains, however, a small quantity of iron. 

Character, — The compounds of calcium resemble those of 
barium and strontium. 

Calcic oxide or quicklime (CaO) is manufactured on a large 
scale by burning coal intermixed with chalk or limestone, when 
carbonic anhydride is easily expelled &om the chalk or lime> 
stone, leaving calcic oxide. 

Calcic hydrate or slaked lime (CaHoj) is formed by the action 
of water upon calcic oxide ; it is much less soluble in water 
than the baric and strontic hydrates. 

Calcic peroxide f CAq r ) is prepared like the corresponding 

strontium compound. 

By passing chlorine over calcic hydrate, a compound known 
as chloride of lime or hleaching-powder is formed. This has been 
supposed to consist of calcic chloride mixed with calcic hypo- 
chlorite, but it is more probably calcic chloro-hypochlorite, as 
expressed by the following formulae : — 

Ca(OCl)Cl. ®-^)-(^y@ 

The corresponding baric and strontic chloro-hypochlorites 

Ba^P and Srgf^\ are known. 

Barium, strontiiim, and calcium all form soluble dihydric 
dicarbonates : — 




They are produced by passing an excess of carbonic anhy- 
dride through solutions of baric, strontic, and calcic hydrates. 
The compounds are decomposed at 100°, carbonic anhydride 
being evolved and carbonates precipitated : — 

fCOHo 

^Cao" = COCao" + OH, + CO,. 

I COHo 

Dftydric calcic Caldo Water. Carbonic 

dicarbonate. carbonate. anhydride. 
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MAGNESIUM. 



At&mie weiglit =24. Prohahle molecular tcei^M =24. Sp.jr, 
1*75. Fuses at a red heat. Volatilizes at a hrigJd^red heat. 
Atomiciti^ *\ Evidence of atomicity : — 

Magnesic ckloride Mg^'Cl^. 

Magtiesic oxide Mg"0, 

Magneeic hydrate, Mg"Ho.j. 



OccimTence,- 
carboiiate, 

CO 



-In Bature in dolomite^ the cakne magnesic di- 



g;^Cao"Mgo" dp 




* 



in hmciie or magneaic hydrate, MgHo^, and in many minerals 
containing silicon. 

Preparation. — 1. By electrolyzing fnsed magnesic chloride. 

% By fusing a mixture of magnesic chloride, potassic chlo- 
ride, and Bodium. 

Reactions. — 1. It very slowly decomposes water at the ordi- 
nary temperature, but more rapidly at a boiling heat* 

2, It readily burns when heated to rednesa in the air. 

Character, — Magiiesinm only forms one compound with oxy- 
gen, MgO, magnesia. It is obtained by burning magnesium 
in air, or by beating the carbonate to redness, 

Magtiesic hi^drate (MgHOa) is formed by the action of water 
upon magnesic oxide, or by precipitating magnesic sulphate by 
potaasic hydrate ;— 

SO.Mgo" + 20KH ^ SO.Ko, + MgHo,- 

Magnesio Patitsaia Potassic Mugtieeic 

sulphfrte. hydrate. Biilpholie. hydrmk'. 

It scarcely dissolves in water. 

Cri/stalUzed mapiesic sulphate (SOHo,Mgo", 60HJ is pre- 
pared by treating dolomite, the magnesic calcic dicarbonate, with 
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sulphuric acid, filtering from the nearly insoluble calcic sul- 
phate, and crystallizing : — 

CQCao^Mgo" + 2SO,Ho, = SOHo.Cao" + SOHo.Mgo" 

Dolcnnite, oalcio Sulphuric Dihydric caloio Dihydric ma^eiic 

magnesio dicarbonate. ftcid. sulphate. sulphate. 

+ 200, 

Carbonic 
anhydride. 

Magnesic sulphate is very soluble in water, thus differing 
from the baric, strontic, and calcic sulphates. 

Magnesic sulphate, when mixed with potassic or ammonic 
sulphate, forms a disulphate, as, for instance, 



SO^OT^^^rr 




SO,Ko 

Dipotassio magnesio 
disulphate. 

Many magnesic phosphates are known. 
Diammonic dimagnesic diphosphate, 



POAmo_. '>^^-^^'^^''^^ 




pXaZ^s^".' ©-0-0CX X /e>-©-(5) 

©© 

occurs in the seeds of some of the cereals, and sometimes in 
urine, and in the form of calculi: it is found in nature as 
guanite and struvite, 

Magnegic carbonate (COMgo") is found in nature as mag- 
nesite. 
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KAGKESIA ALBA, Tetrahythic tetrmuynetie tricarlonate. 

0,Mgo",Ho„ or 




® © 

©^ \S) 

This compound is formed by boiling a solution of magnesic 
sulphate with sodie carbonate (Berzelius) : — 

4SO,Mgo" + 4CO]Srao, + 20H, = C3Mgo",Ho, 

Magnesic sulphate. Sodio carbonate. Water. Magnesia alba. 

+ 4SO,Nao, + CO,. 

Bodic sulphate. Carbonic 

anhydride. 



ZINC, Zn. 

Atomic weigJit =65. Molecular weigJit =65. Molecular and 
atomic voltime 1 1 1 . 1 litre of zmc vapowr weighs 32*5 
critls, Sp, gr. 6*8 to 7-2. JWe« at 500°. BistiU at a 
red heat. Atomicity ", Evidence of atomicity : — 

Zincic chloride Zn^Cl^ 

Zincic oxide Zn"0. 

Zincic hydrate Zn"Ho.^. 

Occurrence, — In nature as oxide (ZnO) in red zinc, as 
sulphide (ZnS") in the mineral zinc blende, carbonate (COZno") 
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in ealamine, and as silicate in electric calamine^ williamite^ 
or zinc glass. 

Ma/nufactwre. — Zinc blende or calamine is roasted in a 
current of air, whereby it is converted into zincic oxide : — 

OOZno" = ZnO + CO,. 

Zindo oarbo- Zindo Carbonic 

xiate (calamine). oxide. anhydride. 

2ZnS" + 30, = 2ZnO + 2S0,. 

Zindo anlpliide Zindc oxide. Sulphurous 

(Zinc blende). anhydride. 

The roasted and powdered mineral is then heated with pow- 
dered coal, when the zinc is reduced and distils over : — 

ZnO + C = Zn + CO. 

Zindo Carbonic 

oxide. oxide. 

JReaetions, — 1. It slowly decomposes aqueous vapour at 100°: — 
OH, + Zn = ZnO -f- H,. 

Water. Zindc oxide. 

2. Zinc is attacked by almost every acid at the common 
temperature. 

8. When boiled in potassic, sodic, or even ammonic hydrate, 
hydrogen is evolved, and a mixed oxide formed : — 

20KH + Zn = ZnKo, + H,. 

Potassic I>il>ota88io 

hydrate. zincic oxide. 



COMPOUND OF ZINC WITH OXYGEN. 

ZINCIC OXIDE. 
ZnO. 

Preparation. — ^1. Zincic oxide is obtained by burning zinc in air. 

2. By passing steam over heated zinc. 

3. By heating the precipitate formed by ammonic carbonate 
in solutions of zinc salts. 
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OTHEB COMPOUNDS OF ZHTC. 

Zincic hydrate (ZnHOj) is obtained as a white precipitate 
by the action of potassic hydrate on solutions of zinc salts : — 
SO,Zno" + 20KH = ZnHo, + SO,Ko,. 

Zindc sulphate. Potasaio Zindc Potassio 

hydrate. hydrate. sulphate. 

The precipitate is dissolved by excess of potassic hydrate. 

Crystallized zincic sulphate is isomorphous with crystallized 
magnesic sulphate, and contains seven molecules of water, six of 
which are easily expelled at a moderate heat, the last only being 
driven off at a somewhat high temperature. It also resembles 
magnesic sulphate in forming double salts with potassic and 
ammonic sulphates : — 
Zincic sulphate (crystallized) SOHo^Zno", 60H . 



fSO,Ko 



Dipotassic zincic disulphate (crystallized) \ Zno" 60H 

[S0,K0 

Zincic carbonate (COZno") occurs in nature as calamine. 
The precipitate obtained by adding a solution of sodic car- 
bonate to a solution of a salt of zinc has a variable constitution. 
The reaction usually takes place thus : — 



5SO,Zno" 



+ 5CONaOa H- 



30H, = 



Zindc sulphate. Sodio carbonate. Water. 

+ 5SO,Nao, H 

Sodic sulphate. 



fCHo(OZn"Ho), 
\ Zno" 

lCHo(OZn"Ho), 

Dibydrio pentaiiiicie 
dicarbonate tetnhjdrste *. 

- 3C0,. 

Carbonic anhydride. 




- COMPOUNDS OF CADMIUM. 167 

CHAPTER XIX. 

DYAD ELEMBNTS. 

Seotion IV. 
CADMIUM, Cd. 

Atomic weight =112. Molecular weight =112. Molecular 
and atomic volume I I 1 . 1 litre of cadmium vapour weighs 
56crith8, Sp.gr. S'7. Fuses helow 260°. Easily volatile. 
Atomicity ". Evidence of atomicity : — 

Cadmic chloride Cd^Cl^. 

Cadmic oxide Cd"0. 

Occurrence. — In nature in small quantities, associated with 
zinc ; and in the form of sulphide as greenocTdte. 

Preparation. — Bj distilling fractionally the more volatile part 
of ^he metal obtained in the manufacture of zinc, and then 
dissolving this more volatile product (which consists of 
zinc, cadmium, and a little copper) in hydrochloric or dilute 
sulphuric acid, precipitating the cadmium and copper with 
sulphuretted hydrogen, dissolving the mixed sulphides in 
dilute sulphuric acid, and adding an excess of solution of 
amnionic carbonate, which precipitates both cadmium and 
copper, but redissolves the latter. The cadmic carbonate is 
then ignited, and the resulting oxide reduced by charcoal. 

Cadmic oxide (CdO) is prepared by heating the hydrate, 
carbonate, or nitrate. 

Cadmic hydrate (CdHoj) is obtained by precipitating a solu- 
tion of a cadmic salt by sodic or potassic hydrate. 

Cadmic sulphate (SOaCdo",40H2) is obtained by dissolving 
cadmic oxide or carbonate in sulphuric acid. By heating 
this compound, or by partially decomposing it with alkaline 
hydrates, it is transformed into 

Dicadmic sulphate dihydrate S02(OCd"Ho) ^ 




^ 



168 COHFOUXDS OF MEKCUKT, 

KEBCUBT, Hg. 
Atomic vei^ht =200. Molecular iceu^kt =200. Molecular 
and atomic vol time fTl - 1 litre of mercury vapour weigh 
lOOrnVA*. i^.yr. 13*69. Fiuesat—4Jif. BoiUat^&f, 
Atomicity ", aUo a pseudo-monad. 

The following list contains tlie principal compounds of this 
metal : — 

Mereurous chloride 1 »«»-• pi ^^ JHgCl r^ r^ r^ r^ 
(Mont^mercury) .. J ^«^»^*«'^' iHgCr ©-©HgHs) 

Mercuric chloride ... HgCl^ 

{He ©^ 

@/ 
jJIercnric oxide HgO. @==© 

Mereurous sulphide. . 'Hg'.S'^or I S S". 

Mercuric sulphide 1 

(cermiliony cinna- > HgS". 
har) J 

Mereurous sulphate, . SO^Hg^o". ^"^^(O 

Mercuric sulphate . . . SO^Hgo". (S^ ^^® 

ro) 

Trimercuric sulphate! eg- n r^^ ^r>,/ 

{Turpeth mineral). J ^^ '* @\xjv/® 



Dimercurous dinitrate . . . -{ O 
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Tetrahydric mercurous dinitrate... Nfi^ILo^ILg^o" , 

(?) ^) 

fNOHg^o" 
O 
NOHg,o" 

Hexahydric trimercu-| ^ o,Ho,Hg,o'' . 
reus tetranitrate ... J 

MeTcuPous dimercuric \ ■!»• n tt^ r."TT^r." 
dihitrate I N,0^&« ^go , 

Tetratydric mereuricl NOJEoHffo" 
dmitrate J ' "^ * ^ ' 

Tetrahydric dimercu-1 woHo.Hgo''. 
ric dinitrate J 

Dihydric trimercurici MOHo.Hgo''. 

dinitrate J 

0-{g) 

/ \ / "V. 

Trimercuric carbonate... CH:go"(Hg",0,)". (g) 

Tetramercuric carbonate. CHgo"(Hg"30J". 

^(S ©-©-(^ 

MercuroBodiammonic \ NHjClHgl 
dicbloride J NH.ClHg/ ' 

Tl 
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Mercurosomercurodi- 1 «* xr^t'TT »tto.' m 
ammomc dicnlonde. J 



Mercurammonic chlo- 
ride. (White preci'[ NEfig'Cl 
pitate.) 



Trimercuric diamide . . . N^Hg" 




COPPER, Cu. 

Atomic weight ^Q^-^. Frohable molecular weight =6S' 5, Sp.gr. 
8 8. Ftises at about 780°. Atomicity "; also a pseudo-monad. 

The following are the principal compounds of this metal : — 

Cuprous hydride j q^ . ©-©"O"^ 

Cuprous chloride '^'^'^^^^ ^^ f cS ®-<S)--^^ 

Cupric chloride CnCl,, 20H,. ®-0-@ 

rCuHo 

Cuprous hydrate, 4'Cn'20, OH^, or 1 Cn^ 

iCn 
ICuHo 

M .HI 
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Cupric hydrate CuHo^. ©-<o)-©-(2)~© 

;;A. xx:© 



Cuprous quadrantoxide, 
Cuprous oxide. (Bed 



Cu- 

Cu" 

Cu", 

CuJ 




iprous oxide. (Jcea'i ^\ 

copper ore, or rt% v 'Cu'^O or ] c^O. V^ (o) 

ore.) J ^ ©^ 

Cupric oxide CuO. ©=® 

Cuprous sulphide. | ,q^, g„ ^^ j Cug„ 
(Copper fflance,) ... f ' I Cn 



Cupric sulphide, (in-] 

diffo copper or 5Zmc V CnS". 
copper.) J 



Cupric sulpho-hydrate. . SCuS", CuHoj, or ^ 



rCuHo 

S" 

Cu" 

S" 

Cu" 

S" 

Cu" 

S" 

Cu" 

S" 

CuHo 




Cupric nitrate NO'^^^ "' ^®^=»' ^^ irao'^^^"- 

Dihydric cupric sulphate SOHOaCuo", ^OH^. 

Hyiictricupricsul.| sOHo(OCu"Ho), 
phate tnhydrate ... J 

12 
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Dihydric tetracupricj 

sulphate tetrahy- I SHOjj(OCu"Ho)^. 
drate. (Broehantite.) J 

© p 

©HS-©H©^iKo)-©-©-© 

^ © 

[Cv) (cvl\ 

ro, ^ 

&■ © 

Hydric pentacuprici 

sxilphate pentahy- [ SHo(OCu"Ho)„20H,. 

drate J 

Ammoniocupric sul- ^ 

phate. iDih3,dric[ SHo^TnoJ^Scu-'O,!' 
ckammomo cuprodi- i -* '*Li>i n, 'j 

ammonic sulphate.) J 

Dipotassic cupric disul- I p 3/ ^ 
pirate lsO,Ko* 

(o) Q 

[ K )— ( O >-( S )— { OJ— (Cu)— ( O y-{s\-( O >-( K ) 

Dicupric carbonate. 1 CtJuo " 
(iKy«orm.) J 

Dicupric carbonate di- 1 COfOCu"H "i 
hydrate. (Malachite,) J '^ 

f H )— { O )— (Cu)— { O }— (cV- ( O \-/cuV-f O V-f H^ 
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Dihydric tricupric dicar- ' 
bonate. (Blue malachite, 
azurite, 
or capper-azwre.) 



fCHoCuo" 
ICHoCuo" 




Cuppodiammomc carbo-i pN^TT 

nate. {Ammoniocuprio V CO jjT2;®Cu"0a I ". 
carbonate.) J 

© © 

(Cu) (C)=\0j 

(^ ^© 

Hydric cupric siHcatel siOHo(OCu"Ho). 
hydrate. (Bioptate.) J 

*? 
©-0-©-(2H2HSK5) 
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CHAPTER XX. 

tbiad elements. 

Section II. 

GOLD, Au,. 

Atomic weight =196 7. Frohable molecular weight =393'4. Sp. 
gr. 19-3 to 19*5. ^Eubcb at about 1100°-1200°. Atomi- 
city ' and '". 

The following are the names and formulae of the chief com- 
pounds of gold : — 



Aureus chloride AuCl. 



©-© 



(Cl) 



Auric chloride AuGl,. @ 

. Aureus iodide Aul. 

Auric iodide Aul,. 

Aureus oxide Au^O. ©-©-^ 



Auric oxide. {Auric 
dride,) 



fAuO 

|0^^. ©=©-0-0=0 



Potassic aurate AuOKo, 30H,. 0=:©-0-(i) 

Aureus sulphide AUgS". 

fAuS" 

Auric sulphide i S" 

AuS" 
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CHAPTER XXI. 

TETBAD ELEMENTS. 

Section II. 

ALUMINIUM, Al. 

Atomic weight =27*5. Mblecuhr weight tmknovm. Specific 
gravity 2*6. Ftises at about 450°. Atomicity^'', hut is 
always a pseudo-triad. Evidence of atomicity: — Analogy 
with iron and chromium. 

Annexed are the names and formul© of the most important 
compounds of this metal : — 



Aluminic chloride ... 'A1"',C1. op ■! ^^{». 



. fAlCL - -L 1 





Aluminic oxide Al,0,or{^go. 0=^.0:^ 



Aluminic hydrate. i 



juminic Hydrate. 1 fAIHo, 

{Gibhdte.) I ^^°» "^ \ AlHo/ 

©0 
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Aluminic oxydi- 
hydrate. (Bi- 
aspore,) 



I Al,O.Ho,or(;^gg°. 







Aluminic sulphide . . . A1,S", or | ^"S". 
Dipotassic aluminate Al^O^Koj or ] aiq^^- 



Aluminic sulphate . . . S,0,('AI"',0,)*»,18OH, or 

SO,-, 

S0,-('A1"',0,)",180H.. 
SO,— J 

Aluminic Bulplmte°| 
tetrahydrate. I SO,('Al"',0,HoJ",70H,. 
{Ahiminite.) ... J 

Allophane SiHo,('Al"',Ho.OJ", (2 or 4)OH,. 

Prehnite Si,Ho,Cao,"('Al"'A)"- 

Zoisite. 



Si.Cao",(-^0 ). 



Spodumene Sli.O,.Lio,('Al"',0,)'».. 

PetoUte Sl„0«Nao,Lio,('Ar",0.)'',. 
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Aluminic oxydi- -v 

hydrate. (Di-l Al,0,Ho, or { ^g|°. 
aspore,) J '^ 




{AIS" 

Dipotassic aluminate Alfi^Ko^ or -j aioK^* 

Magnesic alumi-| Al,0,Mgo" or |^0,Mgo". 
nate. (Sptnelle.)) » » & (Al » s 

Aluminic sulphate . . . S,0,('Al"',0,)*',18OH, or 

SO,-, 

S0,-('Al"',0.)^18OH,. 
SO,— J 

Aluminic sulphate i 
tetrahydrate. I SO,('AI"',0,HoJ",70H,. 
e.) ...J 



Allophane SiHo,('Al"',Ho.O J", (2 or 4)OH,. 

Prehnite Si,Ho,Cao,"('Al"',0.)'". 



Zoisite. 



/ f'AI"',OA^ 



Spodumene Si„0.,Lio, ('A1"',0.)^,. 

PetaKte Si,,0„Nao,Lio.('Al"',0,)'',. 



RA4»pa^ 177. 
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SOHoKow, 



Alimite, alum-l SOHo, ffi'"^5^^n'v'* 

CoUyrite. Pig. 2.... SiHo,('Al"',Ho,0)„40H,. 

Dipotassio alumi- ^ 3q -^q 

nic tetrasul- 1 SO. 



pnate. (Common j S^a \ a »/ 7 2 

alum.) Pig. 3. J SO,Ko— J 

worthite. Pig.4.... |o[;i;;;;^g^^^^ 

Miloscliiiie. Pig. 5. SiHo,CAl"',Ho,0,)". 

Porcelain clay ofl SiHoa/f Aim -rr^ ri mt 
Passau. Pig.6.} SiHo:(^ ^'>^^^'- 

CimoHte, kaolin of) mn*''~l 
EHenbogen. [ ilo~('^l"'A)''- 
Pig. 7 J SiHo,— f 

SiOHo-i 
Agalmatolite. Fig. 8. g?Q ('A1"',0.)''. 
SiOHo— ' 

Buchholzite, leno- \ f f('Al"' 0,)'« 
lite. Fig. 9. ...J gJ('Al"',0.)^. 

Porcelain clay. Jq* VL'-'HoO,)". 

Pig- 10 [SiHo^ ' 

Andalusite, cbias- ' 

toUte cyanite, si0CAl'",0J". 
fibrohte, silliina- f v a 4/ 

nite. Pig. 11. 

Wemerite. Pig. 12. Si,Cao"CAl"',Oer. 



\^ 
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Saponite. Fig. 13. Si,Mgo"eHo,oCAl'",Oe)'». 
Lepidolite. Fig. 14. Si,03Ko,Lio,('AI'",0,)^CAl"',F,OJ". 
SiHo.lS'ao 

AnaJcime. Fig. 15. j^ |{CAl'",Oe)^. 

O 

SiHo^Nao 



-azoumoffskin. l f rS^'* ~}, , „., ^ ^ , 



Malthacite. Pig. 17. Si,0„Ho.('Al"',0,)'«. 

SiONao— , 
SiO— 

Albite. Fig. 18. ... ^IJo^Ciy'sO.)"- 

SiO— 



SiONao— ' 



CHAPTER XXII. 

TETRAD EIBHBKTS. 

Section III. 

PLATmUM, Ft. 

Atomic weight s=197'4. Molecular weight unknown. Sp.gr 
21-5. Atomicity " and •'. 



To nr/' T^i^f 
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The following compounds will serve to illustrate the ato- 
micity and general character of this metal : — 

Platinoufl chloride... PtCl,. @-®-® 

Platinic chloride ... PtCl^. 0-0-© 

Platinous oxide PtO. 

Platinic oxide PtO,. 0=0=© 

Platinous hydrate ... PtHOj. 

(o) 

Platinic hydrate PtHo^. ®-0-(ptWoMH) 

ToJ 

Platinosodiammo- ^ © W 

nic dichloride.1 I^Cl 0sX_^j^/© 

{Green talt qft |KH,a' ©/X~^^^^^~VNS 

JXiiffnwt.) J (h) @ 

White compound of f NH,(N''Hja 
Beiset i ^" 

Inh,(n»hjci 

®s.X A ^ A X/(«) 
X/® — Q!M!9~Qy — Q90^ 




180 



LEAD. 



PlatoBO-diammon di- CNH2(N^HJHo 
ammonium dihy- -< Pt" 
drate InH,(N-H,)Ho 



Diplatosammonic ox- J ^^^-i 
^^® tNH3-«* 

Platinous sulphide . . . PtS". 
Platinic sulphide ... PtS'V 




CHAPTER XXIII. 

TETBAD ELEMENTS. 
SECTIOlf IV. 

LEAD, Pb. 

Atomic weight =207. Molecular weight unknoum. 8p. yr. 
Il-4i45. Fuses at 335°. Boils at a white heat, Jio- 
midty " and ^^. Also sometimes pseudo-triatomie. 

The following list contains the names and formul® of the 
most interesting compounds of this metal : — 

Plumbic chloride ... PbCl,. 0-0-<2) 



COMPOUNDS OP LEAD. 
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Pliiinbous oxide | p?0. 

Plumbic oxide. ' 



;} 



PbO. 



(^latTwrge.) 

Plumbic peroxide. \ «. ^^ 
iPlattnerite.) ... J » 



-s 



Bipltimbic tri- 



oxide 



PbOPbo". 



Triplumbic 
S.'{ tetroxide. 



PbPbo" 



^ 




Tetraplumbic i ^^„ A/®"^5K 

pentoxide } P»»Pbo"(Pb",0,)". ®(^ 



""'S^te !''"^'':} ™°^^- (2H5KOH5) 

Plumbic hydrate ... PbHo,. ©-©-®~©-0 

Biplumbic oxydihy- fP|>»Ho r^ r>. r^ r^ ^ 

drate jgbHo" ®K«H5K£)-eH3-<H) 

Diplumbico^dichlo-j^^^ (^^.^Sy^y^rSy^ 

ride. (Mxtlockite.) [pbCl v.-'^^>'-V-^-V.>'-V_^ 
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Triplumbic oxydi- 
chloride. {Mendi- 
pite,) 



PbCl 

?b" • ©-<SH5K£)-(5>-0 

PbCl 



Diplumbic oxychlo-j^^'l (5).(S^-<7W5^-<^^ 
rohydrate [pbCl ^^-^^^^^^^^^ 



Octoplumbic hept- 1 Pb O CI 
oxydichloride ... J 




Plumbic sulphide. \ phg" 
(Galena.) J 

PbCl 



Diplumbic sulpbodi- I g. (S^(5NvTKSX^ 

chloride (pbCl ^<^^^<y^^y^^y^<^ 

Plumbic sulphate. 1 gQ pu^" 
(Zea^ vitriol.) i 

fNO 
Plumbic dinitrite ... ^ Pbo". 
[NO 

Plumbic Ditrite hy- 1 NO(Pb"HoO). 
drate J 

Diplumbic nitrite- 1 igPbo"(Pb"HoO). 
hydrate J 



rHWoWFbWo 




C0HP0T7NDS OF LEAD. 



183 



[NO, 

Plumbic dinitrate .,.< Pbo". 
INO, 



Hydricplumbicm- 1 jgoHoPbo". 
trate J 




Dihydric diplum- 
bic nitrate hy- 
drate 



NHo,Pbo"(PbHoO). 




Dihydnc diplumbic .--tt -m. ( 
•X- X vLii. I NHOjPbo 
nitrate nitnte. I -p^^n * 

(Basic hfponitrate I NO 

of lead) 




Plumbic carbonate \ 

{Lead spar, white I OOPbo". 
lead ore,) J 
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COMPOtTNBS OF LEAD, 



Triplmnbic diky-l CO(OPbHo)pt. ,; 
dratedicarbonateJ CO(OPbHo)^^'* ' 




(h^W^oVQ— (oV-^cVY^ 



or 



Dibydric triplum- 1 CHoPbo^p, t, 

bic dicarbonate J CHoPbo" 

® 

Diplumbio sul-1 pQ ^^ /®-®-®\\ 

phato carbonate. [■ gj-. Pbo"j. (f)^^© © 

(Zanarkite.) ...J ' X2HS)~©'^X 

Tetraplumbic tri- 1 qq — i 

carbonate Bul- CO „ ' „ 

phate. (Lead-\ CO^bo Pbo . 




Dipliimbic chromate. CrOPbo''^, g) ^(S) (S) 

Triplunabie di- f CrOPbo"^^ 
cbromate i -. — ... 



X2) "^©^ 



Dipotassic 1 

pJumbate ... J 



tCrOPbo"-' 
PhOKo,. 
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CHAPTER XXIV. 

HEXAD ELBMENTS. 

Section IV. 

CHEOMIIJM, Cr. 

Atomic weight =52*5. Molecular weight unknovm, 1^, gr. 6. 
Atomicity ", *^, and ^; also a pseudo-triad (andapseud-octad) . 
Emdence of atomicity : — See the annexed compounds. 

The following are the most important compounds of this 
metal : — 



Chromons chloride CrCL,. 



®-©-® 



Chromic chloride ... j q^qi- 



Chromic perfluoride. OrF,. 

Chromons oxide CrO. 

Chromous hydrate . . . CrHo^. 



Chromic oxide . 



\CrO 



O. 




©-"X^ 



© 

©=©-^)=® 
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Chromous dichromic f CrOp^^,, X^MsHSv 
tetroxide tCrO^^^' (o)=(5) 0=© 

Dichromic ferrous^ 

tetroxide. I |CrO-p^^. /®HS)-©\ 

(^Chrome iron j I CrO ' ©=© ©=© 

ore.) -^ 

Chromic dioxide Cr O^. 

Chromic anhydride. CrO,. XL 

©=©=© 

Dipotassic chro- >| ©. 

mate.) J (o) 

Dipotassic dichro- r CrO Ko [i XL 

mate. {JBotassic \ O . @~®~©~®~©~'®~® 

bichromate.) [CrO^Ko V "ET 

fCrO^Ko 

Dipotassic trichromate. J q^q 
(Potassic terchrom^te.) ] O 

\^CrO,Ko 

[o) (o) foj 

^ K )— ( O )— (Cr V-f O W/CrV-( O )— (crV-{ O >-( K^ 

(£) (h '<" 




ii iiu»pa^ 'Sf 




Bg.4. 






Fig.8. 
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Dipotassic chromousl SO«Ko^ „ ..^tt 
disulphate. Fig. 1. i SO.Ko^^^ ' ^^^- 

SO 1 

Dichromic trisul- 1 sol-iVr'^OrA^oOK,. 
phate. rig.2 J go' S ^ «^ ' ^ 

Dipotassic dicliromic 
tetrasulphate. 
(^Potassium chrome 
alum.) Fig. 3 

Dichromic 



187 



SO. 



SO,Ko-| 

2 I 

so,kJ 



[chromic hexani- "I j^ p. rf\."' n m» 
trate. Fig. 4 | ™«^«^ ^' >'-'e^ • 

C('Cr"'.0,3Ho^''. 



Octochromic carbo 
nate dihydrate. 
Fig. 5 

Plumbic chromate. ^ 

(Bed lead ore, I CrO.Pbo". 
crocoisite.) Fig. 6. J 

Sulphochromic acid. ( SO Ho 
{JDihydric sulphite \ 
chromate.) Fig. 7. ... [CrO^Ho 

Tetrapotassic dichro- I q ^^ "^gvi^^ 
mosulpbate. Fig. 8. . . . | CrOKo — Oj-^ ^ 

Chromic hydrate . . . | § J^o'' ^°^«- 



Perchromic acid {gjgf(gi^j. 
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Potassic chloroehro--l CrO^ClKo. (cimc.moWk 
mate J ^^ 

Chromic dicMorodi- 1 jf 

oxide, (aZ€»ro-l CrO^Cl,. ©-@-@ 
chromic acid.) J J-L 

ClkTomous sulpMde. . . . CrS'', 
Dichromic trisul- f GrS^'^M 
phide \CrS" 

Sulphockromic anhj-l nr*=?" 
tiride ..J *' 

MAISraAHESEj Mn. 
At&mic weight ^5B. Molecular weight unknoton. Sp. gr, T 
to 8, Aiommtt/ ", ^^, and ^^ j ij/ji> At paeudo'triad and a 
pseud-ocfad, Emdence of atomicity :— 

Manganic perfluoride Mn^P^. 

Analogy with chromium. 

Tlie following are Bome of the more important compounds 
of this C3lement : — 

Manganous chloride. MuGl^. ^o)-^-(a) 

Manganic chloride. . , MnCl^. (tn)— (mhWci 

fCI 

Diman^anic hexa- J MnCl^ f7h-i^rV-^\^J7^ 

chloride ^..\MttCl, "^.J^y^^y^^ 

Mangaaous hydrate . MnHoj. (J)"®^®"®"® 
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Manganous oxide ... MnO. ©^=® 

Trimanganic tetr- TmiiO^ /jn /jn 

oxide. (JSausma^ I Mn q. y-^ y^ 

nite.) I^MnO 0=0-<gHg)=<o) 



Manganous diman- f MnO^^ „ ©^(S)~® 

ganic tetroxide ... iMnO ' /rv-/^ ^ 



Dimanganic trioxide. f MiiOq ® 

Dimanganic dioxydi- Y j 

hydrate, (ilfawyo- 1 j^j^oHo' (^ ® 

mfe.) ^-N ^ X .^^ 

fianO-0-, v-'-v-/ 

Varvicite ^ Mno" (Mn'''flo"J. 

iMnO-O-J 

©=©-©-^S)-©-©=® 

©— ^°)— ® 

© © 
Manganic oxide. 1 j^„q 

(JPyrolusite,) J ** 

Manganous diman- '\ 

ganic tetroxide di- MnHo^ ^ „ 

hydrate. {Fdlome- f MnHo^^^^^ * 

lane, Kartmangcm,) J 




-(oV 
Dipotassic manganate MnO^Ko,. (i)"®"^)"®-® 



[ O) 



1 



COITFOUXI^S QF MAXGANESE. 



Dipotesac p«^) rMaO^(OKo) 
j tM«^0,(OKo)- 




Muigiuioiis sul* 
pliide. (JUffM- 

disulpldde 

Kmgaiioiis carbo>\ 
nftto. (Mm^ V COMno' 



Mna 

MaKs, 

Mn 

BlaKs' 



DibTdric mang&> 1 
nous stilplu^te,.. J 



SOHo^Mno ',(3, 4 or 60H,), 



Dipotassie numga- j SaKo^j-^^^ ^^^^ 
nous disulpbatej »UjJvo 



Aiuminic manga-^ 
nous tetrasul- 
pliate. i^Manga^ 
HMtf alummium 
alum.) 



so,—, 



\ \ Muo" ('A1"',0,)'',240H,. 
J SO,— I 



Dimangatiic trisul- 1 
phato .,..., f 

Dipotaaaic dimanO^ 
ganic tetrasul- 
pbate. {Potm- 
^um manganese 
alum.) ., ,.. 



so,-. 

SO,-0Mq"',O.)'«. 

SO,-J 



SOjKo-i 

|g^— ('Mii'",0,)",24OH,. 
So'KoJ 



COMPOUNDS OP MANGANESE. 

Dihydricdim^ga-I p Q^Ho^Mno,". 
nous diphosphate J > a a a 

Manganous sili-^ 
cate. (Silicife- 
rous manganese, 
red manganese, ^ SiOMno" 
rother Mangan- 
hiesel, Both- 
hratmstei/nerz,) . 

Dimanganous sili-l 

cate. {TepJiro- I SiMno"^. 
ite.) J 

Dihydric dimanga- ] 
nic silicate dihy- I 
drate. (Schwar- y 
zer Mangankie- 
sel.) 

Hexmanganic mo- 
nosilicate. {He- 
terocUne.) 
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SiHo/OMnHo),. 



Si('Mn"'eO,0»v. 



Till 

©=©-© ®s @-@^ 

\. / X / X / X / x / 

© ©©0© 



Triglucinic tetraman- rSiO-o"- 



ganous trisiHcateJ Miio" / [Mn^'Ox " 
Bulplude. (^^^iS V|W- 
•"^•^ [SiOto" 1 
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COMPOUNDS OF XEOX. 



Atomic weight =56. Molecular toeiglit unknown. Bp, gr, 7"8.| 
Atomicitij *\ ^% Qfnd ""L Evidence qf atomiciti/ 1 — ^-i^n«&^ I 
with chromium. 

The foil owing is a list of tbe chief compounda of iron : 

Ferrous chloride ... PeClj,. ©-"©-(s) 

® 

Feirie chloride \ p-p] • 




Ferrous oxide PeO . 

Ferrous hydrate FeHo j. 

Ferric oxide. {Med 
hmmatite^ mieace^ 
om iron, oligist^ J p^J^O. 
specular iron or 
ironghmce.) 



CHK^)-©-0-© 
©=©-©=© 



Diferric hexahydrate. | p®5^^ 



Tetraferric trioxy- 

hexahydrate.((7om- fPeOHo 
puct hroim iron J ^® « 
ore^ Jlhrous brown j p^jj^j 
iron ore or ^rown {TeOB^o 
hwniatite*) _ , , 




CQMPOUNDS OF IRON. 
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Diferric dioxy-dihy- 

drate. {Needle f PeOHo 
iron ore, hrown \ PeOHo' 
iron ore.) 



Diferric oxy-tetra- 

hydrate. (Another J PeHo^^ 
variety of hrown \ PeHOj * 
iron ore,) 



fPeO^ 
Triferric tetroxide . . . -{ Pe J^ ; 
[PeO^ 
or 

Ferrous diferric te- 
troxide. 
iron ore. 




litemc te- 
{Magnetic l^^^-^Qo''. 




Fotassic ferrate PeO^Ko^. 



Octoferrous sulphide "^""(PeX^", 



Diferrous su 



L 

sulphide... jp®S". 

Ferrous sulphide . . . PeS". 
Ferric disulphide. ] 

{Iron pyrites, > PeS",. 

martial pyrites. ) J 



-0- 



:© 



©=©=© 
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Diferric trisulphide | peS"® '• 

. ,. . , &-© 

Difemc dicupnc te- 

trasulphide. 

per pyrites. 



)ifeiTic dicupnc *©- .— ^ 1 

trasulphide. (Cbp- 1 g^(Cu,S",)". © 

per pyrites.) (1\=M- 



P,Hoe('^e'^Ho,OJ^ 



Diferric hexani--!^ rPp'" O ^vi 

trate. Fig.!...} ^^^"^^^ »^«^ 

Hexahydric di- 
ferric diphos- 
phate dihydrate. 
Fig. 2 

Ferrous sulphate. | sOHo,Feo",60H,. 
Fig. 3 J 

.. rso,Ko 

Dipotassic ferrous di- I y^^' fiOK^. 
sulphate. Fig. 4. [sO.Ko. 

Diferric trisul-^ SQ^— i ^^^^^ 

phate. {Co^mm^ \ S0KTe"',0en9OH,. 
lite.) Fig. 5. J SO, 

Dipotassic diferric ^ SOaKo-i 

tetrasulphate. I SO — (Yq\0,Y^OB.^. 

alvm.) iig- ^. J 2 

Tetraferric sul- 1 S0,('Fe"\0,)",6OH,. 
phate. Fig. 7. J 

Tetrahydric tetra--N| 
ferric sulphate j 

octohydrate. | SHoXFe'^OHogO,)". 
{Vitriol ochre.) 
Fig.8 



^ Sux, pa^ ''94 




I 
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Heptaferric octo- "j 

sulphide. {Mag^ I Pe^S",. 
netic pyrites.) .., J 



Ferrous carbonate. ^ 

(^a^;i»c iron I COFeo". 

ore.) J 

fNO 
Ferrous nitrate < Feo' . 

[no, 

COBALT, Co. 
Atomic weight = 58*8. Molecular weight tmknovm, Sp.gr. 8*5. 
Atomicity ", *^, and ^ ? afoo pseudo-triatomic. 
For evidence of the atomicity of cobalt see the following list 
of the chief compounds of this metal : — 
Cobaltous chloride CoClj,. ©-©-® 

Cobalfic chloride ... j QqqK 0--©--@-(ci) 

Cobaltous oxide CoO. ©^=© 

Cobaltic oxide | S^qO. /\ 

Cobaltous dicobaltic f CoO^ „ fpV(c^o) 

tetroxide \CoO ' /rv-/'^ a . . 

Hexacobaltic hept- 1 q^ ^ 

oxide J ® ■'' 
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CobaltouB hydrate CoHo,. ©-©-©-0*0 

® © 

Cobaltic oxy-dihydrate 1 CoOHo" ®® 

Cobaltous sulphide CoS". 

Cobaltic BTilpliide. (OobaU { CoS*'^^„ 

pyrites,) 1 CoS" * 

Dipotassic cobalt ous disul- 1 SO^Koq tp ^qtt 

phate. Fig. L..., 1 SO.Ko * >' 

Dihydric pentacobaltouBi OHo(OCo"Ho),p „ ^^ 

diearbonatetetrahydrate. V O Ho (O Co" Ho) >^^r 

Fig. 2 J 

Dicobaltous carbonate di- 1 COYOCo^'Hol 

hydrate. Fig. 3 J 

Dipotaasic cobaltouB dicar- 1 COKo^ m i qott 

bonate. Fig. 4 J CS^J^o 

[nh 1 

CobaltoBo-diammori'diammo- J p ** ^ 
nic dichloride. Fig. 5. ... j «^ q/ 

[nh: 

Dicobaltic hexammon-liexam- f *^P^?'Ji^^S''J?*JS 
monic hexacblonde, {Lu-< NH Jn^H ICr 
teo-cohali chhrids.) Fig. 6. [ C^NH'(]Sr^H*)Cl 

i— NH'tisr^Hjci 

Dicobaltic tetrammon-hexam- f Co-NH,(N"HjCl 
nionic hexacMoride. (i?o-J ^ — NH^Cl 
seo-cahalt or purpureo^Mi] c^gg:gr'HJCl 
chloride.) lig. 7 ' i— NH;(N''HJC1 

TWO 

Cobaltous dinitrate «q^Coo'\60H,, 



Tb tiux, VAge IX. 



Hg.l 
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Cobaltic disulphide CoSj. 
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Dicobaltous oxysulphide . 



Co 



OS". 






Dihydric cobaltous sulphate.. SOHOaCoo",60Hj. 



NICKEL, Ni. 

Atomic weight =58*8. Molecular weight tmhnown. 8p. gr, 8*7. 
Atomicity '\ *^, cmd ^ ? also psetidO'triatomic, 

Annexed is a list of the chief compounds of this metal : — 

Nickelous chloride NiCLj. ©"©""(s) 

Nickelous oxide NiO . 

^^^'^^^'^"^^^ (S> e=(^%=® 

(o) (o] 
Nickelic hydrate | NiHo^' ©"©"©""(B)"-®"® 

Nickelous hydrate NiHo^. 

f Ni 

Dinickelous sulphide . . . j jo-jS". 

Nickelous sulphide. 1 

{Capillary pyrites^ > NiS". 
hairnickel.) J 

Nickelic disulphide NiS",. 0=®=® 

Dihydric nickelous sul- 1 goHo.Nio", 60H, 
phate J 
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Dipotassic nickelous ai- i ^^i, Q(m^ 
sulphate ' 



,. fSO,Ko 
isO,Ko 




Co) (o) 



Nickelous dinitrate < Nio",60Ha 




Dihydric pentanickelous f CHo(]S'i"OIIo)a 

dicarbonate tetrahy- < Nio" ,2011^.. 

drate [ CHo(I?i"OHoX 

{COKo 
CNio" lOOH 

COKo 



Nickelous diarsenide. 1 "As'j^.,,, 
(Ktipfemickel,) ... J 'As' 



/0D 



or /{a.> 

(A.V 



■■{*:;Nr. 




"As'— 1 C© @o 
"As'"^ ^rv 

Nickelic tetrarsenide. "As' /^^ 

"As'lU C© ©D 



Nickelous sulphide di- 
arsenide, 



arsenide. ( Grey nickel j ^S"Ni". @ |© 

ore, nickel glance,) ^ vii/ 
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CHAPTER XXV. 
OEGANIC CHEMISTRY. 

INTEODUCTOBT. 

TtiE number of elements entering into the composition of 
organic compounds is usually very smaU. 

The really essential element is carbon. 

A large number of compounds coDsist of carbon united with 
only one other elementj either hycbogen or nitrogen* 

The members of another very large class contain only three 
elements, — carbon, hydrogen, and oxygen ; carbon, hydrogen, 
and nitrogen ; or carbon, nitrogen, and oxygen. 

Others contain /o«r elements, carbon, hydrogen, oxygen, and 
nitrogen. 

Some contain sulphur, chlorine, bromine, iodine^ silicon, 
j)[io8phoni9, boron, and metals; but these are comparatively 
rare, and those containing sulphur are alone found in nature. 

Although the number of the elements entering into the com- 
position of organic compounds is much smaller than that taking 
part in the formation of minerals, yet the complexity of the 
former cla«a of compounds is frequently much greater. 

Til ere is no instance of an organic compound containing but 
two Hiugle atoms, and only one containing tliree (hydrocyanic 
acid, HCN). 

On the other hand, the number of atoms in a single organic' 
compound is sometimea very great. Thus i — 

Speraiaceti contains 98 atoms. 
Stearin „ 173 „ 

Margarin „ 217 „ 

Albumen „ 226 „ 

In most, possibly in all, organic compounds carbon w a tetrad. 
It therefore forms with 1 atom of hydrogen a triad compound 
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radical, wkicli exists in chloroform (C^H^'^Cl^ ; a dyad com- 
pound ra*dieal with 2 atoms of hjdrogen, as in methylenic 
dichloride (C^'fl J"C1, ; and a monad compound radical with 
3 atoms of hydrogen, as in methylic iodide (C^^H^)!. But in 
these compounds it wOl be seen that the carhon is always satu- 
rated and always a tetrad. 

This is in conformity with the following general law : — ** In 
every molecule of a chemical compound the sum of the bonds 
is always an even number/' because every number, whether 
odd or even, when multiplied by 2 gives an even number. To 
thi« may be added the following law, to which no exception is 
kuown: — "The sum of the bonds in any molecule is at least 
twice as great as the active atomicity of the most polyad ele- 
ment in the compound.*' 

A compound organic radical consists^ therefore^ of one or more 
atoms of carhon in tckick one or morehonds are umaii^ed^ and U 
in cither a monad^ dyad, Sfc. radical^ according to the number of 
fjwnad atoms required to complete its active atomieitif, 

Sucli a radical, when a monad, triad, or pentad, caunot exist 
as a separate atom ; like hydrogen or nitrogen, when isolated, 
it combini^s with itself, forming a diatomic molecule. It is only 
hy ti)e union of two atoms that the vacated bonds can be satisfied. 

The foDowing are two of the principal series of compound 
iirganie radicals i — 



Mothyl. 


\fk" 


JMe 


Ktbj-1 ., 


(§:g:°' 


JEt 
liEt 


I'l'op^l . . 


{If,"' 


fPr 
i Pr 


Uutyl .. 


|g;ll:" 


Bu 

\Bu 


Amyl 


iS:!l:; 


lAy 



Methylene. 

Ethylene . 

Propylene . 

Butylene . 

Amylene . 
* Only ktiomi in combination. 



CHj or Me"* 
C,H, or Et". 
C,H, or Pr". 
C^n, or Bu". 
C,H,, or kj\ 



NOTATION OF ORGANIC COMPOUNDS. 
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Organic radicals arc the analogues of the moDad, dyad, 
and ti'iad elements of mineral chemistry* 

Such being the constitution of the organic radicals, it will 
now be necessary to investigate their functions in organic com- 
pounds, and to examine the general plan according to which 
these compounds are built up. 

We shall be assisted in tliis investigation if we reduce the 
formulte of these compounds to a few types or fundameutai 
forms* In doing this it is necessary to avoid, as far as possible, 
all empirical grouping of atoms. Our formulae must express, 
a,s exactly as possible, how the elements are combined with each 
other. Thus in a compo^ind containiiig C^HyO,, the formula 
ought to showj firstj whether the hydrogen is combined with 
the carbon or with the oxygen, or if combined with both, it 
ebould indicate how many atoms are united with the carbon, and 
how man J with the oxygen. Secondly, the formula ought to 
ehow whether the 9xygen be united with the carbon or with the 
hydrogen, or partly with the one and partly with the other, or, 
lastly, whether it be performing the function of linking hy- 
drogen to carbon. 

This inlbrmation is most completelj given, in notation, by 
making carbon the dominant or grouping element in non- 
nitrogenous compounds, and nitrogen in the remaining organic 
compounds. 

Non-nitrogenous organic compounds, exclusive of organo- 
metallic bodies, can be conveniently considered under the twi> 
following types, viz. t — 



I 



» The monadelphic, or marsh-gas 1 
type .,. J 





(b 
0© 

The diadelphic, or methyl type.., (^'"©"©~® 



iL O 
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The nitrogenous organic compounds arrange themselves in 
the most convenient manner under the two foUowing types : — 

3. The ammonia type (n) 

4. The ammonic chloride type ®K^V® 

In addition to these types a few others will be occasionally 
necessary, such as — 

5. The triadelphic type (^}KE)^"©'"^©"'® 

^) Ch) (?) 

iHi iHi 

6. The double monadelphic type . . . ®-{cV(oV/c)-{h) 

® ® 

7. The condensed diadelphic ot\ /S__rk 

olefinetype J ©=® 

(?) ^) 
Double, and sometimes even treble ammonia and ammonic- 

chloride types are required for certain compounds, but they 

do not need special description here. 
The above types are written symbolically as follows : — 

1. Monadelphic type CH^. 

2. Diadelphic type {cH** 

8. Ammonia type N"'H3. 

4. Ammonic-chloride type BTH^Cl. 



FOBMULjE op organic COMPOtJNBS. 

— fCH, 

5. TriadelpMc type i CH.- 

o . 

CH, 
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G. Double monadelphic type . 
7. Condensed diadelphic type 



CH, 



Id order to facilitate tlie use of tliese symbolic types, it is 
advisable to become familiarized witb tbe symbols of the fol- 
lowing analogues of hydroxyl, in addition to tbosc already 
given for inorganic compound radicala at p* 28, and for tbe 
monad and dyad organic radicals at p. 200 : — 

Metboxy 1 CH3O or Meo- 

Etboiyl C^HgO or Eto. 

Propoxyl OgH^O or Pro. 

Butoxyl C,H,0 or Buo. 

Amoxyl , C^H^^O or Ayo. 

FormulsB written on the triadeiphic type can be reduced to^ 
1 tbe diadelpMc type, and tbose on the latter to the monadelphic 
I type as foUowe t— 

i 



Propylic 
bydjide. 



CH: = {%^^' = CMe^H, or CEtH, 






Diodelptiic. 



Manadelphiu. 



The above alternative monadelphic formulas, although appa- 
rently different, are in reality identical, as can be easily 
proved by expressing both graphically, thus ; — 



CMe,H, = 




© 



® 
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OEtH, = 




On the other hand, monadelphic fonnnlffi, if they contain a 
sufficient number of carbon atoms, can be expanded into diadel- 
phic, triadelphic, &c. formula in the following manner : — 

roH, 

'OMeH, 
rOEtH, — 
OH. 
OH, 



OBuPrH,. 

Normal butyl, or 



1 OPrH.- ^ 



propylated methyl. 
(Molecule.) 



-< 



,OEtH, 



OH, 
OH, 
OH, 



-■< 



OH, 
[OMeH, 



OH. 
OH. 
OH. 
OH.- 
OH. 
OH. 
OH. 



This development of normal butyl depends on the following 
facts : — 1st, that normal butyl is propylated methyl ; 2nd, that 
normal propyl is ethylated methyl ; and 3rd, that ethyl is me- 
thylated methyl. 

Secondary and tertiary organic radicals (see p. 207) cannot he 
completely developed vertically : — 



fCEtMeH _ 
jCEtMeH - 

Methvlo-ethylated 
methyl. (Molecule.) 



OMeH, 
CMeH 
CMeH '■ 
CMeH. 



fCH, 



< 



OH, 
OH, 
CMeH 
CMeH 
OH. 
LCH. 



fOH, 

OH, 
]OH(CH,). 
SOH(CH,)- 

OH, 
l^OH. 



fCMe, 
ICMe, 



Trimethylfttt'd 
methyl. (Molecule.) 



CMe, 
CMe. 
I OH. 



OH. 

C(CH,)(CH,) 
C(CH.)(CH.)- 
CH. 



ORAFHIC FORMULA. 
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It will be Been, on comparing the above formulsB with the 
graphic representation of the respective compounds, that both 
express the same facts. Thus in the developed symbolic formula 
of normal butyl it is evident that the two extreme carbon atoms 
are united with three atoms of hydrogen and one of carbon, and 
all the intermediate carbon atoms with two of hydrogen and two 
of carbon, exactly as shown in the following graphic represen- 
tation : — 

n) © © i @ 

I I I : i 





® ©® i © 

Normal butyl or propjlated methyl. (Molecule.) 

From the developed symbolic formula of methylo-ethylated 
methyl, it is evident that the two central carbon atoms are 
united with three atoms of carbon and one of hydrogen, that 
the two extreme carbon atoms are united with one atom of car- 
bon and three of hydrogen, that the intermediate carbon atoms 
are joined to two hydrogen and two carbon atoms, and that the 
remaining carbon atoms are each combined with one atom of 
carbon and three of hydrogen, thus — 




© ® 



0H^>® 



© 

Methylo-ethylated methyl (Moleeale.) 

Lastly, in the developed symbolic formula for trimethylated 
methyl, the two central atoms of carbon are each united ^t\\ 
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four carbon atoms, and all tlie remaiiuBg atoms of carbon are 
united with tliree of hydrogen, and one of carbon, thus : — 

i 





© © 

TrLmetlijlated m^ith^l. (Molecula) 



CLASSIFICATION OP OBGANIC COMPOUNDS. 

The most important organic compounda can be conveniently 
divided into the following twelye families : — 

1. Organic radicals. 

2. Hydrides of organic radicals. 

3. Alcohols, 

4. Ethers. 

5. Haloid ethers. 

6. Aldehydes. 

7. Acids. 

8. Anhydrides. 

9. Ketones. 
10, Ethereal salts. 

11* Organic compounds containing triad or pentad nitrogen. 
12. Organo-metallic bodice. 
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CHAPTER XXVI. 

OBGANIC BADICALS. 

This family of organic compounds is divided into two 
classes : — 

Class I. Basylous or positive radicals. 
Class II. Chlorous or negative radicals. 

Class I. 
BA8TL0U8 OB POSITIVE BADICALS, 

Monads. 
Methyl or (CnHsn+i)^ Series. 
Vinyl or (C„H2»-i)2 Series. 
Phenyl or (CnH2n-7)2 Series. 

Dyads. 
Ethylene or C„H2„ Series. 
Acetylene or C„H2„_2 Series. 
Phenylene or C^Hgn-s Series. 

Triads. 
Glyceryl or (CnHa^-O'^a Series. 



Class I. 

BA8TL0U8 BADICALS. 

MONADS. 

METRTL or (C^Hjj^O^ 8EBIES 

These radicals are divided into three sections, viz. Normal, 
Secondary, and Tertiary :— 

General formula. 

1. Normal Eadicala { ofai'^OH'- 



208 



ORGANIC HADICALS. 



Secondary Eadicala 
Tertiary Eadicala . . 



Gkjneral formulsr. 
fC(CJW,).H 

lo the firdt of the above foruiulje n may =0, but in the 
others it must be a positive integer. 

Examples of tbe secondary and tertiary series of radicals 
may be seen in the secondary and tertiary fatty acids, Tbey 
have not yet been isolated. 

It ia evident tbat, besides tbe three series of radicak shown 
above, three other eerie Sj containing, in the aame molecule, 
normal and secondary, normal and tertiary, and secondary and 
tertiary radicals, may eiist ; but up to the present time they 
Have not been obtained. 

1. liformal Radicals. 

This aeriei contains the radicals of the methylic series of 
alcohols. 

These radicals also enter into the composition of the normal 
series of fatty acids. 

The following list contains all the radicals of thia section 
that have been hitkerto obtained : — 



Methyl 



JMe ,JOH, 



pointi. 

not known. 



CH, 



CH. 



Propyl . 



{S' °^{ 



CltH, 
CEtHJ 



or •» 



/CH, 

CH, 
CH, 
CH, 

ICH, 



+68°. 
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Boiling- 

^"^yi {E:=-(gSg: ■.- ii«"- 

Awl {%<^r{tl^: iso°- 

c-p™y^ (c?'«4ci?i: '«^- 

Preparation, — 1. Bj the action of zinc on the iodides of the 
normal radicals: — 

2C(C.H^.)I + Z- = Znl, + {gJClfeog;- 

Part of the liberated radical is at the eame time decomposed 
into the hydride of the radical and the corresponding dyad 
radical : — 

A remarkable epecial method for preparing ethyl conaists in 
esposiflg mercurj'" and e thy lie iodide to the influence of snn- 
light 1— 

2EtI + Hg =. Hgl, + Et,. 

Ethjlio Mf^iM^urio KUiyL 

lodidu. iodide, 

2. By the electrolysis of the salts of the normal fatty acids. 
In this procoBB nascent oxygen acts npon the fatty acid, cod- 
Terting its oxatyl into carbonic anhydride, the positive radical 
being set free v — *# 

^tcOHo + U ^ tC(C,H^+OH. 

Fatty acid. BadlcaJ. 

+ 2C0, + OH,. 

Crirboaio Watyp* 

acibydrido» 

8. By acting nith zinc upon the iodides of two radicals eimul- 
taneouslyj the so-called double or mixed radicals are produced: — 

Mel + EtI + Zn == Znl, + R^^. 

Methrlio Efiylic Ziticio JTethvl 

iodi3ii3, iodidu. iodide. etTi'jL 
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ETHYIi. 

©0 I®© 
Molecular weight ^58. Molecular volume l~l ~L 1 litre 
eth^l ^a* weighs 29 criilts. Both at about —23^ C. 
Freparation* — ^J digesting together at 120° ethylic iodide 
and zinc, the reaction heing exactly Bimilar to that between 
kydriodic acid and zinc ;- — 



Zn + 2HI = Znl^ + 



Hydrirtdic 
" acid. 



Zincic 
iodide. 



(g- 



Zn + 2EtI = ZnL + 



iodide. 



Zmoic 
iodide. 



Hjdrogen. 

jEt 
lEf 

Etbj-L 



General formnk... { cJcInltoH'' 
"The first member of thia series — vinyl— has not yet beeiT 
isolated. 



ALLYl. 




Molecular weight =^82. Molecular vohme I I I . 1 litre of 
atl^l vapour weighs 41 erithi, S^. gr. 0"684. Both at 59°, 



PHENYL SEBIES OP RADICALS. 
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Preparation, — By digesting allyHG iodide with Bodimn, and 
then distilling :■ — 

Na.+ 2C(CMe'H)HJ=(g;gS)2; 

Allylio iodide, AlljL 



+ 2NaI- 

8ciditii iodide^ 



Character.— Bromine and iodine unite dii^ectly ^th allyl, 
producing aUylic tetrabromide and tetriodide. In these com- 
pounds the molecule of aUyl plays the part of a tetrad radical. 

In allylie tetrabromide, four latent carbon bonds in the mol^ 
eule of allyl have become active, and are united with four atoms 
of bromine : — 



jC(CMe"H)H, 
tC(CMe"H)H3 

Allyl 



+ 



3 _ fC[C(CH,Br)ErH: 

AHjlio tetrsbromido. 



H, 



An analogous case is met with in ferric chloride, where two 
tetrad atoms, united by one bond of each, become together hex a- 
tomic I— 

{go.. 

Allylic monobromido can only be obtained by the action of 
phosphorous tribromide on allylic alcohol : — 



3C(CM£ 


"H)H,Ho 

alcohol. 


+ PBr, = 3C(CMe"H)H,Br 

Phoephorona Allylic monobromide 
tribfoinide. 






+ POHHo,. 

Phoaphofous acid. 








PHENYL SERIES. 








Gkaieral formula... | c(?"hJ^' 


-7)h; 





These radicals are but very imperfectly tnown, phenyl alone 
having been investigated. 
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PHENTL. 

fC(C,H,)H, 
tC(C.H,)H,- 




Molecular weight =154. Molecular volume I I I . 1 litre of 
phenyl vapour weighs 77 criths. Fuses at 70°. Boils (U 
240°. 



-f 2NaBr. 



Freparation. — By the action of sodium on phenylic bro- 
mide : — 

_ fC(CA)H, 
- lC(CA)H, 

Phenjlio bromide. Phenyl. Sodic bromide. 

Reaction. — By treatment with bromine, phenyl produces 
bromphenyl and hydrobromic acid : — 



2C(C,H,)H,Br + Na, = 



fC(C,H3)H, 
tC(C,H,)H, 

Phenyl 



BromphenyL 



+ 2HBr. 

Hydrobromio 
add. 



CHAPTER XXVII. 

BASTLOUS BABICAL8. 

DYADS. 

BTHTLBNJE or C« H^ 8BBIFS. 

Preparation. — These compounds are produced as follows :— 
I. In many cases of destructive distillation, where, however, 
the reaction cannot be traced. 



ETHYLENE SERIES* 
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2, By the abstraction of tlie elements of water from the 
normal monacid alcohols of the methylie series, as for in- 
tanee: — 

[c^lRo = "{cS: + OH.- 

EthfliQ aloohoi Ethjlene. Water, 

3, By passing the vapours of the haloid compounds of the nor- 
mal monad radicals of the C^Hj^+i scries over heated lime, thus i— 



L CH,C1 

EthjHc 
chloride. 



_ "J en, 

- JCH, 

Ethjlene, 



Hydrc>chl(jrio 
acid. 



4, By the transformation of the monad radicals at the mo- 
ment of liberation from their compounds, when they epHt into 
dyad radicals and the hydrides of monad radicals ;— 

'C(CH,)H, _ „ fCH, 
- JCH, 



{ccchjh; 



EUijL 



Ethylene. 



Ethjflio 
hydride. 



5. By the action of the iodide of a monad radical on the 
sodium compound of a monad radical : — 

BtbTlic Sfjdicr Sodio Ethylene, Etlaylic 

iodldt!. ttMde, iodide, hydride. 

Character, — The lower members of this series of dyad radicals 
are gaseous, the higher solid, and the intermediate ones liquid. 

The following list inclndea the known dyad radicals of this 
aeries, together with their fusing- and boiling-points : — 



Ethylene C,H, 

Propylene CS^Hg 

Eutylene C^H^ 

Amylene CaHjo 

Hexylene ^^fiu 

Heptyleno or (Enanthylcne... O^Hji 
Octylene or Caprylene ^a^u 



Fusing- BoLHug' 
point point 



-17^8 
+35-0 
550 
390 
550 
95-0 



57^ 275 
K 375. 



Beadhmg, — L Iht ejmd r^anb of ^Um wetneB all unite 
directly with cMorine^ litoadiie, aaii ip^ne^ imdueiiig com- 
poimdfl which, in Uie cmat «f ctkrloie* mre icpresented bj 

(CILCl rCH^Br 

iCH;Cl IGH^ 

The»e compounda, when treated witli alcoiholie solutioii of 
potAMiJe hydrate, furnish one molecule of a hydracid, thus:— 




jcn,ci 


+ KHo 

Potewio 


FotaMUS 

diloride. 


„rcHci ^ 

' Cfl, + 


OH,. 


Hh' tnon 

rttbi 


tioliluriiiatud radical thus obtdned again unites witJi 
of cliloriuc?, producing cMorinat^d ethjlenic dichlo- 






rcHaci 







vvl*ich» by fliptluT trofttmenfc with alcoholic potaah> yields dichlo- 
rhmivnl t^tl^viiMH^ ; and 8o,by alternate treatments with chlorine 
i^\\\\ \^\\U\»f^w hyilrnt*\ ethylciie becomes transformed into tetra- 
^^)«luvMmtt>ii otiiyhnio. The following formulae show the fiwt, 
imfWMt»duitt\ imd iii\al compounda : — 

. I OH, |OU,n .JCHCl fCHClCl .fCHa 

\on, \OH,tn \cii, tcH.ci \cfici 

I Oimvi . I 0{\ I OCl,Cl . / CCL 
\OUrKn lOHil tCHClCl iccv 



ETHYLENE AND JBTHYLIBENE. 
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Tefcrachlorinated ethylene absorbs two additional atoms of 
chlorine, producing the solid dicarbonic EexacMoride r — 

fCC],. 

ICC13 

Diceirbonic htjxachloride* 

2. The dyad radicals of the ethylene series can be transformed 
into the monad radicals from which tiiey are derived. If ethylene 
be digested witli hydriodic acid for 50 honrs at lOCP C, it is 
transformed into ethylic iodide ; — 



fCH, 
tCH, 

Ethyleaf, 



+ HI 

Hjdriodie 



- { 



Ethjlic 
iodide. 



From tbia, ethyl may be prepared, aa shown at p. 210. 
iBomerism of ethylene mid eth^lidene compounds, — -The ciilorides 
of the dyad radicals arc isomeric :~ 

1. With the chlorides of the monochlorinated normal monad 
radicals. 

2. With the chlorides derived from the aldehydes, which, 
however, are identical with the chlorides of the monochlorinated 
normal monad radicals : — 



fCH.Cl 
\CH,C1 

Ethjlenic 
dieiiioride. 



|( — 



ICHCl, 

Etibylidenjo dichlo 

ride (abtaiDed from 

aldehyiie.) 

These Bubstances, when treated with alcohoHc potash, all 
yield the same vinylic chloride : — 



CHCV 

MonoclilorLa&ted 
etbf lie chloridtj- 



fCH.Cl 

\ ch;ci 

Ethylenio 
dicliiorid& 



rcH, 

ICHCl, " 

MoDtwhlorinxitcd 

ethylio cMoPidei or 

Ethjlidetiit! dicMo- 

ride. 



+ KHo = 



Potassic 
hydrate. 



fCHCl 

Vinjlio 
chloride. 



+ OH, + KCl. 



Water. 



ctloridc* 



KHo = 

FoUrsiq 
hydrate. 



f CHCl 
ICH, 

Vinylic 
chloride. 



+ OH, + KCl. 



Water. 



PotiMwie 
chloride. 



Bnt certain compounds of ethylene yield paralactic acid, 
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whilst the corresponding compounds of ethylidene give lactic 
acid. The boiling-points of their chlorides also differ, ethy- 
lenic dichloride boiling at 85^, whilst ethvlidenic dichloride 
boils at 64>° ; on the other hand, ethylenic oxide boils at 13**-5, 
whilst ethylidenic oxide (aldehyde) boils at 20°. 

The oxides of the dyad radicals are isomeric — 

1. With the corresponding aldehydes. 
, 2. With the alcohols of the vinylic or CnHj„_iHo series. 

The nature of this isomerism is seen &om the following for- 
mulae: — 

{cH,^ {cob "jcHbo- 

Eth^lenio Aoetio Yinylio 

oxide. aldehyde. aloonol. 



ETHYLENE. 




"{CKI- 0-' 



Molecular weight =28. Molecular voltime \^JJi, 1 litre weighs 
14 criths. 

Preparation. — See general methods (p. 213). 
Reactions, — 1. Decomposed into carbon and marsh-gas by 
passing through a red-hot tube : — 

OH- = OH. + 0. 



1: 



Ethylene. Marsh- 

gas. 



2. Burns in chlorine with deposition of carbon : — 
"(cH,' + ^^^ = C, + 4HC1. 

Ethylene. Hydrochloric 

acid. 

Ethylidene, the isomer of ethylene, has not yet been isolated, 
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unless the hydrocarbon C^H^ derived fix)m the transformation of 
ethyl be this body. The formula of ethyHdene is doubtless 



CH3 




AOETTLEITE or CA.^^ SERIES. 

Acetylene is the only radical belonging to this series which 
is well known. The series comprises the following members : — 

Acetylene CI^Hj,. 

AUylene CjH^. 

Crotonylene C^BL,. 

These radicals stand in the same relation to the alcohols of 
the vinylic series as ethylene bears to ethylic alcohol. They 
are also probably capable of assuming tetrad Amotions. 



AGETTLENE. 

"'C'Aor { ;;g|. ©H^^Kh) or ©HgHgKS) 

Molecular weight =s26. Molecular volume I I I . 1 litre weighs 
18 crith8. 

Preparation, — 1. By synthesis from its elements. When an 
electric arc from a powerful voltaic battery passes between car- 
bon poles in an atmosphere of hydrogen, acetylene is produced. 

2. By the action of water on potassic carbide : — 

C,K, + 20H, = C,H, + 2KHo. 

Potaaaic Water. Acetylene. Potassio 

carbide. hydrate. 

1* 
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3. By the action of Keat upon olefiant gas or the vapotira of 
alcohol, ether, or wood-spirit, or by passing induction sparks 
through marsh-gas : — 






CA + 

Aoct^lens* 



3H,. 



4. By heating the vapaur of methyUc chloride to low ] 



2CH ri = CM, + 2HC1 + K 



chlonde. 



Aootylene. 



Hj-drochloric 

Add. 



5* By passing the vapour of chloroform over ignited copper: — 
2CHC1, + Cu, = C,H, + S'Cu^Cl,. 



ChkffofonxL. 



Acetyleae. 



Ctiprotui 
chloride. 



6, By the action of calcic carbide upon water :— 
C.Ca" + 20H, = C^H, + CaHo,. 



Cftkio 
oirbide. 



Water. 



Aoetylene. 



Caldc 
hjdfate. 



7. From vinylic bromide, one of the derivativeB of ethylene, 
acetylene may be obtained by the action of alcoliolic potash:— 

C^H,Br + KHo = C,H, + KBr + OH,. 

Awtjleixe. PatsewG Waier. 



Vinjrljo 



hjdnite. 



Patfl««iG 
bromide. 



8, By the incomplete combustion of bodies containing car- 
bon and hydrogen r — 

4CH, + 30, = 2C,H, + 60H^: 

MMfmh-gaa. Acetylene. Water, 

2C,H. + O, = 2C,H, + 20H,. 

OkiflaDt gm. Acetylene, Water. 

The crude acetylene, obtained by any of these processes, is 
beat purified by passing it through an ammooiaeal solution of 
cuprous chloride, with which it forms a red precipitate con- 



taining 
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.2 

2'Cu',Cl, + 2C,H, + OH, = ^q'_ + 4HC1. 

'aH 
CaprooB Aoetylene. " Caprosovmylio Hydrochlorio 

chloride. etiier. (Aoetylide acid 

of copper.) 

If ethylene have been present in the crude acetylene, the 
liquid containing the red precipitate is next heated to boiling, 
in order to decompose a compound which ethylene forms with 
copper. The cuprosovinylic ether is then collected upon a 
filter and washed. On heating cuprosovinylic ether with 
hydrochloric acid, pure acetylene is evolved : — 



rc,'Cu'^ . 




+ 4HC1 = 


20A + 2'Cu' A + OH,. 


c;cu',H 




Cuproeovinylic Hydrochloric 
ether. (Acetylide add 


Acetylene. Ouprotu Water, 
chloride. 


of copper.) 





Beactions, — 1. When cuprosovinylic ether is heated with zinc 
and dilute ammonia, the nascent hydrogen evolved by the action 
of the zinc upon the ammonia unites with acetylene, producing 
ethylene i — 

rc;cu',H 

^O + 2H, = 2C,H, + 4Cu -f OH,; 

I C;Cu',H 

CuprosoTinylio Acetylene. Water, 

ether. 

CA + H, = OA- 

Acetylene. Ethylene. 

2. Acetylene is absorbed by sulphuric acid, producing vinyl- 
sulphuric acid : — 

CA + SO,Ho, « SO,(C,H30)Ho. 

Ao^lene. Sulphuric Vinyl-sulphorio 

acid acid. 

3. Acetylene unites with bromine, forming acetylenic dibro- 
mide: — 

'"C',H, + Br, = "C",H,Br,. 

Acetylene. Acetylenic 

dibromide. 

l2 
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BBOKACETTLENK 

By boiling together dibromethylenic dibromide with alco- 
holic potash, a spontaneously inflammable gas is evolved, which 
is bromacetylene. 

{c5?rBr = HBr + Br, + C,HBr. 

Dibromethylenio Hydrobromic Bromaoetylene. 

dibromiae. aoicL 



FRENTLEITE or CJl^^ SERIES, 

The dyad radicals of this series are very little known. 
The following has alone been isolated : — 

Phenylene, C^H^. 




BASYLOUS EADIOALS 

TEIADS. 

These radicals are unknown in the separate state, unless they 
are identical with the dyad radicals of the acetylene series: — 

CTT - f(CH)"' 

^2^2 — \(CH)'"" 

Acetylene. FonnyL 

They are, however, well known in a numerous class of com- 
pounds belonging to families which will be studied hereafber. 



CYANOGEN AND OXATYL. 
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CHAPTER XXVIII- 

OBGANIC EADICALS, 

CiiAsa II. 

CRLOMOUS OB mEBATITE BADIOALS. 

Every positiTe or basylous radiciil may be looked upon as the 

source of a cliloroea or negative radical, whicli is generated "by 

displacing a portion of the hydrogen of the former by oxygen. 

.Thus:— 



Ethyl ■ ^"^s yields acetyl 


rc,H,o 


AJlyl jg'g' „ acyl 




Ethylene (C,HJ" „ glycolyl 


(C.HP)". 


Propylene (C^H,)" „ lactyl 


{C,H,0)". 


„ malonyl 


{C.H,0.)" 



The constitution of the ao-called oompounds of these negative 
radicals may, however, be more simply explained from another 
point of view j and, in faot, it wUl only be necessary for us to 
establish the existence of two negative radicals, in order to inves- 
tigate the whole range of chlorous organic compounds. These 
are — 



Cyanogen 



Oxatyl^ the molecule 
of which is dry 
oxalic acid. 



I CIST'" 
1 CN 



COHo 
COHo' 




These two radicals are the acidifying principles of nearly all 
organic acids ; they are therefore highly important compounds. 
The atom of each consists of an atom of carbon, one bond of which 
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is free to combine with other elements or groups of elements, 
the other three bonds being saturated, in cyanogen by triad 
nitrogen, and in oxatyl by one atom of oxygen and one of 
hydroxyl. In the molecules of both, the two free bonds of 
the carbon saturate each other. 

These radicals are also closely rekted to each otiier. Thus, 
if cyanogen be dissolved in water, it is soon transformed into 
ammonic oxalate : — 

i°^"' + 40TT - fCO(N-H,0) 

Cyaoogen. Water. Ammonic ***^^«*^ 

In the presence of potassic hydrate, cyanogen evolyes ammonis 
and produces potassic oxalate : — 

{gN;;; + 2kho + 20H, = {gg|« + 2ifH.. 

Cyanogen. Potaario Water. Potaasio Amm/i^^ 

hydrate. ' * 



Erom these salts oxalic acid, or the molecule of oxatyl, may 
of course be readily obtained by the action of sulphuric add. 

In the converse manner, oxatyl may be converted into cya- 
nogen, by transforming it into ammonic oxalate and submitting 
the salt to the action of heat : — 

rco(N^Hp) _ .-.^ . rcisr'" 

\CO(N^H,0) " *"^» "*■ \CN'"- 

Ammonic oxalate. Water. Cyanogen. 



CYANOGEN. 

fCN'" ^ 
JQj^r^.orCy,. 

Molecular weiff7it=i 52. Molecular volume FTI . llitre weight 
26 criths. Fuses at —34^ Boils at — 20°-7. 

Occurrence, — ^Amongst the gases of blast furnaces, — ^a proof 
of its withstanding an extremely high temperature. 



HYDROCYANIC ACID, 
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^r^aratmn.—Bj the action of lieafc on mercuric cyanide i- — 
HgCy, = Hg + Cy,. 



Mercuric 
ojEtuide. 



Cyanogen. 



This equation only partially expresses the reaction, as a brown 
non- volatile componiid (paracyanogcn), Cy^,, is simultaneously 
produced. 

BeacHan.—QjaJiogeji unites directly with potassium: — 
Cy, + K, = 2ECy. 

Cjunogen. Potoasio 



ETSEOCYANIC ACID. 

Molecular weigM =27, Molecular volmne \J_A . 1 litre oflty- 
droc^anie amd vapour tvei^hs 13 "5 Griths. 8p* gr, of liquid 
07058. Fme^ at —15°. JBoils at 26°"5. 

Preparation, — 1. In the anhydrous condition, by passing 
hydroBulphuric acid over mercuric cyanide ; — 

+ 2H:Cy. 

Hydrocrasic 
acid. 

2. By distilling potassic cyanide, or ferrocyanide, with dilute 
sulphuric acid : — 

2K0y + SO.Ho, = 2HCy + SO.Eo,, 

Potaaaid Bulphuric Hydriooyamo Potastiio 

oyaoidti. add- add. sulphate. 

3. By passing nitrogen over an ignited misture of potaesic 
carbonate and carbon :^ 



Mercurio 
cy&iiide. 



+ SH, = HgS" 

Hvilphuretted MtTcanc 
fijdrogen. snlpIiidE'. 



coKo, + a 



FoUsaia 
ciu-boimte.. 



+ N, = 2CN"'K + SCO. 



Potassif] 
cyanide. 



Catbonlo 
oxide. 



The potaauic cyanide thus formed is then treated according 
to process No. 2. 

Reacii^m.—l. Hydrocyanic acid in contact with water slowly 
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poeaes, partly into ammonic oxalate as mentioned at p. 222, and 
partly into ammonic formate : — 

tCV'H + 20H, = (go(JC'H,0)- 
H Hydromoic Wster. Anunomo 

2. If hydrocyanic acid be mixed iviik concentrated hydro 
chloric acid, formic acid and ammanic chloride are produced :— 
c 
nic 
cv 



CN'"H + 20H, + HCl = 

HjdrDcT&nic Wstar. Hydrochloric 

acid. acid. 

3. The displacement of the hydrogen in hydrocyanic acid by 



tCOHo 

Formic 
acid. 



+ ITH.Cl. 



Amm onic 
C^oridfr 



nietala gives rise to a very ertenaive series of single and double 
cyanides. The following is a list of the most important of 
these compoTindfi : — 

Single C^anidss. 

Potassic cyanide KCy. 

Zincic cyanide « SSnCyj^, 

Cadmic cyanide ,,., CdCy,. 

Nickelons cyanide ..._ NiCy^* 

Argentic cyanide AgCy. 

Mereurie cyanide KgCy,. 

Anrona eymiide AuCj. 

CuproTia cyanide . 'Cu'^Cy^ 

rerroiis cyanide FeCy,. 

Cobalt oua cyanide ,, , CoCy,. 

Dauhh Cyanides, 

Dipotaasic zincic tetracyanide K^Zn'^ Cy^. 

Dipotassie cadmic tetracyanide , K^Cd", Cy^. 

Dipotassic nickelous tetracyanide ......... K^Ni", Cy^. 

Potassic argentic dicy anide KAg, Cy,. 

Potassic aurous dicyanide KAn, Cy,. 

Potassic auric tetracyanide KAu'^'Cy^. 

Dipotassic cuprous tetracyanide K,'Cu'„ Cy^, 

Dipotassic platinous tetracyanide KjPt", Cy^. 



I 
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KCy + 





= CyKo. 


PotasBic 




Fotafiflic 


cyanide^ 




cjaiijite. 



Tetrapotassic diplatinic decacjani de K^j ' Pt' ' \Cj ^^. 

Tetrapotaasic ferroua licxacyajiide, (Po- 

tassic ferrocjanide.) ,.,....., K^jFe"Cj^. 

Hexapotas sic diferric dodecacy anide . (Po- 

taeaic ferricjanide,) K^, *Fe"'J^^^. 

Hexapotasaic dicobaltic dodecaey anide, 

(Potassic cobalticyanide.) K^, 'Co'"s,Cy ^a- 

Hexapotaasie dicliromic do decacy ani de ... K g , ' Cr" '.^Cy ^ j,. 

Hesapotasaic dimanganic dodecacy anide... K/Ma"'j^ Cyij. 

TBe cyanides of the alkali metals when fused in contact with 
air, absorb oxygen, producing cyanatea :*— 

^^ Some of the single cyanides, as potassic cyanide, are readily 
decomposed by acids ; others, as ferrous and anrous cyanides, 
may be boiled with moderately strong acids without decom- 
position* 

Most of the insoluble aingle cyanides dissolve in solutions of 
the alkaline cyanides, forming double cyanides. Some of the&e 
double compounds J when acted upon hj hydrochloric acid, CYolve 
hydrocyanic acid, producing chlorides of both metals, as in the 
case of dipotassic zincic tetracy anide. These are called €€t9ily 
decomposable et^anides^ and are indicated in the above Table by 
the comma being placed between the cyanogen and the metals. 

Otiier double cyanides do not evolve hydrocyanic acid 
under the influence of hydrochloric acid, but produce a 
chloride of one of the metals, the remaining elements of the 
compound uniting with hydrogen to form a complex acid. In 
the above Table the double cyanides of this class are indicated by 
the comma being placed between the metals. 

The most important of these double cyanides are the po- 
tassic ferrocyanide K^,Pe"Cya, and the potassic ferricyanide 



1.5 



226 



ORGANIC RADICALS. 



FOTASSIC FEBBOCTASriDE. 

K.,Fe"Cy.orK.Cfy. 

Preparation.^!. By placing a mixture of iron filings with 
solution of potassic cyauide in contact witli tlie air, oiygeu is 
absorbed and potaasic ferrocyaaide produced ;— 

Fe + 6KCy + OH^ -h -- K:,Fe"Cy, + 2KHo. 

Potoa&ic Water. PtitaMio Potasaio 

cysJiide. ferrooyanide. hydrate. 

2. By digesting potassic cyanide with ferrous BuJpbide ; — 

Ferrous PotaBsic Fotassic Potiissio 

Bul[)bide. cyanide* ferrocyanlde, ttilphide« 

3. On a manufacturing acale it ia prepared by fusing nitroge- 
noua animal matter with potaaaic carbonate and iron filings in 
iron yesselgj lixiviating tlie resulting mass with water, and crys- 
tallizing. 

Reactions. — 1. Potassic ferrocjanide, when fused with po- 
tassic carbonate, forma potassic cyanide and cjauate : — 

Fe^'Cy.K, + COKo, ^ 5KCy + CyKo + Fe + CO^. 

PotSiaaLo pH:3taBBic PotasaiQ Potaaeic Carhonia 

ferrocyanide, carbonate, cfauide. ojaoate. anhydride. 

2, By mixing solution of potaasic ferrocyanide with ether and 
hydrochloric acid, hydroferrocyanic acid is precipitated i— 

Ee"Cy,K, + 4HC1 = 4KC1 + Fe"Cy,H,. 



fecTOcyaoide. 



Hydrmjliloria 



Potaasio 
chloride. 



HydrofeiTooyajiic 
aoid. 



3. Potasaie ferrocyanide produces, with solutions of ferrous 
salts, a light-blue precipitate, which rapidJy becomes dark blue 
in contact with the air : — 



re"Cy«K, + SO^Feo" ^ Fe"Cy,Fe"K, + SO.Ko,. 

Potaflsic Ferrous Light-blue Potaaaic 

ferrotijanide. nilphate. predpltate toliihata. 



POTASSIC FBKBICYANIDE. 
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4i. With ferric salts it gives pnisaian blue : — 

feiTocTiiiiide. 

5. With cupric salt a it gives a rad pnecipitat© of cupric ferro- 
iyanide :— 



+ 2Pe,Cl, = 3FeXy„Te^';Cj,, + 12KC1. 

¥&rria Pinasimt blue. PataasiQ 

oblonde, chiorido. 



K,Fe"Cy. 

I Fotesiio 

i 

" J'TepOTi 



Cupric 



Cu^WCy, 

Cupric 
ftirrcHsyouide* 



2SO,Ko,. 

Pota«Bie 
lalphftte. 



I 



2KCL 

Pota^sio 
chlofide, 



lOTASSIC FEBRICTAiriSE. 

K,Te"',Cy,,orK„Cfdy. ■ 
^r^aration.—'Bj the action of oxidizing eubatanceSj such as 
cMoriiLe and nitric acid, on potassic ferrocyanide : — 

2K.F6"Cy. + CI, = K'^e"',Cy„ + 

fecTOCTanide;. ferriujanide. 

MeacHon. — Potassic ferricyanido produces no precipitate with 
solutions of ferric saltSj but causes a deep-blue precipitate with 
ferrous compounds ;— 

I K',Fe"',Cy., + 3SO,Feo" ^ Pe'VFe"',Cy„ + 380,Ko,. 



K',Fe"',Cy„ + 3SO,Feo" ^ Pe'VFe"',Cy„ 

FoftiMic FerroTie Bolpbate. Tnumball'i blae. 

fiBrrk|jB2ude. 



Fotassia 
Btdpli»t«< 



OTHER COMPOUNDS OF CTATOGEN. 
There aje three isomeric chlorides of cyanogen : — 
CyCL Cy.Cl,, Cy,CV 

G^aeoiu. liqmd. Solid. 

T!ie molecular volitme of all three cyaifiogen ehlortdei w 1 I L 

1 litre ofgmeouB cyanogen chloride weighs 61"5 Gtithi. 

1 litre of vapour of liquid cyanogen chloride weight 123 „ 
1 litre of vapour of solid cyanogen chloride weighs 184 5 j, 

Cyanogen produces, with hydroxy 1, three isomeric acids and 
an isomeric neutral body : — 
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Cyanic acid CyOH or CyHo. 

Cyanuricacid CygOgH, or CygHo,. 

Fulminuric acid CygOjH, or CyjHo,. 

Cyamelide CynOnH„ or CynHo„. 

When potassic cyanide is boiled with sulphur, the latter is 
dissolved and the solution contains potassic sulphocyanate : — 

CyK + S = CyKs. 

Potassic Potassio 

cyanide. snlphocyanate. 

This compound produces with ferric salts a blood-red colour. 



OXATYIu, 

fCOHo 
tCOHo- 

This radical, in the isolated condition, constitutes dry oxalic 
acid ; and in combination with hydrogen and other radicals it 
enters into the composition of nearly all organic acids. Acids 
containing one atom of oxatyl are monobasic, those contain- 
ing two atoms are dibasic, and those containing three are tri- 
basic. 

The relations between methyl, oxatyl, and cyanogen are very 
simple : — 



©-©-I 



c«) ■ (^ 



h©-0{cH 



CH, 



Uetbyl. 





fOOHo 
t COHo- 

Oxatyl. 



OXATYL ANI> OXALIC ACID. 
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In methyl the two carbon atoms are united together by one 
bond of each, the remaining three bonds of each atom being satu* 
rated by three atoms of hydrogen , In cyanogen the carbon atom b 
are united in the same maimer, but the three remaining bonds 
of each carbon atom are aaturated by triad nitrogen ; whilst in 
oxatyl the three retnainiBg bonds are saturated with the dyad 
oxygen and the monad radical hydroxyL 

Oxatyl haa not been united with chlorine to produce oxatylic 
chloride (CO Ho CI) ; nor has its hydroxyl been replaced by chlo- 

{COCl ^_. 
QQpi. When treated with phosphoric chloride^ 

it yields carbonic oxide and carbonic anhydride :— 
(cOHo + ^^^^ ^ ^^ + °0^ + 2HC1 + POCl,. 



OxAtjL 



Phcwphoric 
chloride. 



Carbonic 
oxide. 



Gorboiiio 
Anhydride. 



HjdrochJodc Pboaphorio 
add. oxytricoloride. 



\ 



OXALIC ACID. 



Occurrence. — In the form of the hydric potassicaalt in Oxalis 
aeetosella^ and in the form of different aalta in many other 
plants, and also in the animal orgamsm. 

Preparation. — 1. From its elements through the medium of 
cyanogen. (See p, 222.) 

2. By the oxidation of a large nnmber of organic compounds. 
Moat organic substaiiceij are converted by oxidizing agents 
into oxalic acid before their final transformation into carbonic 
anhydride and water : thus sugar is transformed into oxalic acid 
by the action of nitric acid. 

3. By heating sawdust with a mixture of potash and soda, 
oxalates of these bases are formed. 

Transfomiatwm.—l. By the action of beat, oxalic acid is trans- 
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formed into carbonie anhydride and oxatylic hydride, oi formic 
acid: — 

rcoHo _ CO 4. js 

tCOHo " ^^» + tCOHo- 

Oxalic add. Carbonio Formic add. 

anhydride. 

A portion of the formic acid is at the same time decomposed 
into water and carbonic oxide : — 

{SoHo = OH, + CO. 

Formic add. Water. Carbonio 

oxide. 

2. Substances having a strong attraction for water, as sul- 
phuric acid, transform oxalic acid into water, carbonic oxide, 
and carbonic anhydride : — 

(?8S = CO + CO, + OH.. 

Oxalic add. Carbonio Carbonic ^ Water, 

oxide. anhydride. 

8. Heated with an excess of alkali, oxalic acid (or an oxalate) 
yields hydrogen and a carbonate : — 

{cOKo + 2KHo = 2C0K0, + H.. 

Fotassic Fotasdo Potassic 

oxalate. hydrate. carbonate. 

4. Argentic oxalate explodes when heated, producing silver 
and carbonic anhydride : — 

{c8i|o = 2C0. + Ag.. 

Aigentic Carbonio 

ondate. anhydride. 

SaUt of Oxalic acid. — Oxalic acid forms three series of salts: — 
NormaL Acid. Superacid. 

fCOKo fCOHo fCOHo fOOHo 

\COKo- \COKo- \COKo' tOOHo* 



fCOx 



rCOHo 
I CO 



i.COHo 
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OXAMIC ACID. 



fCO(N"'HJ fCOAd 
jCOHo "'tCOHo- 

Preparation. — ^By heating hydric ammonic oxalate to 230°: — 

fCO(N^.O) _ fCO(N"'HJ OH 

jCOHo - \COHo "•■ °^>- 

Hydrio ammonio Oxamio add. Water, 

oxalate. 

BeacUon, — ^By boiling oxamic acid witli water it is retrans- 
formed into hydric ammonic oxalate. 

OXAMIDE. 

JCO(N'"HJ^^rCOAd 
tCO(N'"H,)^^\COAd- 

Preparation, — 1. By distilling normal ammonic oxalate : — 
\CO(N»H.O) - ^"^> + tCO(N"'H,)- 

Normal ammonio Water. Oxamide. 

oxalate. 

2. By acting upon ethylic oxalate by ammonia : — 

Ethylio Ammiwia. Oxamide. Aloohol. 

oxalate. 

Reactions. — 1. Oxamide, when heated with phosphoric anhy- 
dride, evolves cyanogen : — 

\CO(N"'H.) " ^"^ + \CN"'- 

Oxamide. Water. CTanogen. 

2. Dilute acids convert it into oxalic acid and ammonic 
salts: — 

rcocN'^Hj . aoTTn M 9on = fCOHo 

\CO(N'"HJ + ®^«^^« + 20H. = JQQjj^ 

Oxunide. Bnlphiiric aeid. Water. Oxalioaoid. 

+ SO.(N^H,0), 

Ammonio solphate. 
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By djstilliiig the oxalates of the compoimd Emmoniaa inetead 
of ammonic oxalate, compound oxaraides are obtained:^ 



jCOCNvMeH^O) ^rtp^ . fCO(N"'MeH) 

|cOfNvMeH,0) = ^"^- ^ \CO(N'"MeHy 

Methylammonie oxaidtcu W*l«. Dimethylomunide, 

fCO(N'PhH,0) „ .ynjM . rCO(N"'PhH) 

tcO{.VPhH,0) ^ ""^*-^ + tCO(N"'PhH)- 

Pbenyl*iiimoaio axttlate, Watur. Diphenyloiamidt, 



CHAPTER XXIX. 



HYDHIDES OF THE COMPOUUB EADICALe. 

This famEy is divided into two classes : — 

Class I. Hydrides of the Basylous or Positive Eadieals. 
Clasa II. Hydrides of the Chiorontj or Negative Radicals* 



Class I. 

HTBEIBES OF TSE BASYL0U8 OR POSITIVE 

MABIVALS, 

Two series of hydrides belonging to this class are well known ; 
they are : — 

1. Hydrides of the Eadicala of tho Methyl Heries. 

2. Hydrides of the Radieala of the Phenyl series. 



1. BYDMIDE8 OF THE EADICALB OF TUB 
METHYL 8MMIES, Man^h-gm, or C^Hft.+t Serie*. 

There is some difference of opinion aa to whether these com- 
pounds are identical or isomeric with the radicals of the methyl 
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lerioB. Thus methyl and etliylic hydride both eontain C^H,, 
and ethyl and butylic hydride both contain C^Hjg. The grapiiic 
formiilffi exhibit no difference between these pairs of bodies re- 
spectively. Thua : — 

©— A-|-©-® 

Methyl or ethjlio hydride. Ethyl or botylic hjdride. 

These formulae do not show 113 whether the molecule of 
methyl or ethylie hydride will separate at a and so be represented 

by the formula \ jS '^ » ; or at 6, and bo be written thus, 

f CH 

1 erf* ' ^^ whether the molecule of ethyl or butylic hydride 

will separate at c and so be formulated j ^ ^ ^ ; c»r at d^ 

when it should be represented by l n/n-tr^vTr^- Some e5:peri- 

ments in conneiion with thia Buhject appear to show that these 
compounds are isomeric. 

A difl'erence between methyl and ethylie hydride can only 
be conceived on the supposition that the four bonds of carbon 
have not equal yalues in combination, an hypotheBia which is not 
altogether unsupported by facts. 

Preparation. — 1, There is only one process of general applica- 
tion for preparing these hydrides ; it consists in bringing water 
into contact with the zinc compounds of the respective radi- 
cala: — 



Zlne fjomponnd 
ofrodic&L 



20H, 

WEit45r. 



ZnHo, + 2 



Ziiicio 
hydrate. 



Hydride of 
rodJcaL 



The corresponding compounds containing more positive 
metals might doubtless be suhetituted for those of zinc. 

2. There are several special processes which may he used for 
preparing these hydrides. Thus all the hydrides above that of 
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methyl may be obtfdned, together with the corresponding dyad 
radical, by acting upon the iodide of the monad radical by 



H 



zinc: — 
2|C.H^+, + Zn = Znl, + C.H^ + | 

Iodide of the monad Zinde Dyad Hjdrideof 

radicaL iodide. raoioaL monad radkaL 

Methylic hydride, or marsh-gas, is produced during putre- 
faction, and by the distillation of potassic acetate with excess 
of potassic hydrate. 

The destructive distillation of coal and of allied substances 
also furnishes a large number of the members of this series. 

Character. — They are aU distinguished by their great chemical 
indifference, and by their forming substitution compounds con- 
taining chlorine, bromine, &c; 

The following list contains the hydrides of the monad radicals 
at present studied : — 

Boiling-points. 

BCethylic hydride, or Marsh-gas MeK or C H^ 

KthyUc hydride EtH or 0^ Hg 

Propylic or tritylic hydride PrH or Cg Hg 

Butylic or tetry lie hydride BuH or C^ H^q slightly above (f 

Amylic or pentylio hydride AyH or Cg H^ 30® 

Heiylio or caproylic hydride OpH or 0^ H^^ 68° 

Heptylic hydride ^j^ie 92-94* 

Oc^lic hydride Cg Hig 116-118° 

NonyUc hydride Cg H^o 136-138° 

DecatyUo hydride 0^o^2 160-162° 

EndeoatyUc hydride C11H24 180-184° 

Dodecatylio hydride CiaHjg 196-200° 

Trideca^lic hydride CigH^ 216-218° 

Tetradecatylic hydride Ci^Hgo 236-240° 

Pentadecatylio hydride CigHj, 255-260° 



METHYLIC HYDRIDE, Marsh-gas, UgU Carhuretfed 

Hydrogen, Mre-damp, 

CH, or MeH. 
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Molecular weight = 16. Molecular volume [13. 1 litre weight 
8 oriths. 

Occurrence. — 1. As a product of the decomposition of organic 
substances out of contact with air. 

2. Evolved in coal-mines. 

8. The gas of the mud- volcano at Bulganak in the Crimea 
is nearly pure marsh-gas. 

Preparation, — 1. By the action of water on zincic methide. 
(See general reaction, p. 233.) 

2. By distilling two parts of potassic acetate, two of potassic 
hydrate, and three of lime : — 

{cOKo + KHo = COKo, + CH.. 

Potassio Potassic Potassic Meth^lie 

acetate. hydrate. carbonate. hydnde. 

8. By the reduction of carbonic chloride or of chloroform 
with sodium amalgam and water : — 

CCl, -f H3 = 4HC1 + CH,: 

Carbonic Hydrochloric Methylio 

chloride. acid. hydride. 

CHCl, + H, = 8HC1 + CH,. 

Chloroform. Hydrochloric Methylio 

acid. hydride. 

4. By passing carbonic disulphide and hydrosulphuric acid, 
or carbonic disulphide and steam, over ignited copper : — 

OS", + 2SH3 + 4Cu = 4CnS" + CH,. 

Carbonic Solphnretted Cupric Methylio 

disulphide. hydrogen. salpnide. hydnde. 

6. By the destructive distillation of organic substances, such 
aa wood, coal, <&c. 

Reaction. — ^When equal volumes of methylic hydride and 
chlorine are exposed to diffused daylight, methylic chloride is 
formed : — 

CH, -f. CI, = HCl + CH3CI. 

Methylic Hydrochloric Methylio 

hydnde. acid. ohlonde. 
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ETHTLIC HTDEIDE, 

C,H, OP CMeH3. 

Molecular weight =30* Molecular volume I II . 1 litre weight 
15 crilJis, 

Preparation. — L By the action of water on zinoic ethide 
(&ee p. 283). 

2. By the action of ethylic iodide on aodic ethide, ethylene 
being simultaneously produced : — 

CMeH,]^a + CMeH,I = ]^al + C,H, + CMeH,. 

Sodic ethide* Ethjlio Sodic Ethylene* Eth5;lie 

icdidfi. iodide. hydride 

Ee^ictions, — 1. When equal volumes of ethylic hydride and 
chlorine are exposed to diffused daylight, the following action 
takes place :— 

+ HCL 

HydrtMjbloric 
nmd. 

A small portion of the body CMeH^Cl is ordinary ethylic 
chloride, which is a liquid, boilmg at 12°"5 ; but the rest is a gae 
which does not condense at — 18° 

2. When a mixture of two voluraeB of chlorine and one of 
ethylic hydride is exposed to the action of difiused daylight, an 
oily liquid having the composition of ethylenie dichloride is 
formed :— 



CMeH, 


+ 


CI, 


= CMeH^Cl 


Ethylic 
hydfid4?. 






^Ethylk 
chloride. 



CMeH, + 

Ethrlie 
hydride. 



ICl, = C.H.Cl, + 2HC1. 



Uydrocliloric 
acid. 



AMYLIC HYDEIDK 

C,H^, or CBuH,, 

Molecular weight ==72. Molecular volume fTl 
amylic hgdride-vapour weighs 36 crtths, 



1 litre of 
Boih at 30°. 
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Occurrence. — In petroleum and coal-oil. 
Preparation. — By digesting zinc and amy lie iodide with 
water or alcohol at ICKF i— 



2CBuH,I 


+ 


2Zo + 


20H, = 


20BqH, 


Amvlic 


+ 


ZnHo, 

lijdrfttB. 


Water. 

+ Znl,. 


Amylic 



PARAFFIN. 
This body is produced, together with numerous other com- 
ponnde of a like nature, by the deatructive distiUation of bog- 
head coal and similar substances. It is also found in petro- 
leum and asphalt. If chlorine be passed into melted paraffin, the 
latter is slowly attacked, hydrochloric acid being evolved* In 
this reaction paraffin resembles the hydrides of the monad 
radicals, and differs from the dyad radicals, to which class it was 
formerly considered to belong. In the formula C^H^^+a for 
paraffin, tho value of it has not yet been satisfactorily deter- 
mined J in fact it is probable that several distinct hydrides of 
the class now under consideration are confounded under this 
name. 



2. HTDMIDES OF THE MABICALS OF TBF 
FRENYL SERIES. 
The following five members of this series are known, viz. t — 

Formula. point. Sp. gi-. 



Benzol 

Toluol 

Xylol .... 
CumoL . . . 
CymoL... 



^9 H^io 



80*5 
1100 

128'5 
148*5 
171-4 



0-85 
0-87 



0-87 
086 



Frepurati&n.—l. These hydrides are produced by the distUla- 
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tion of tlie alkaline salts of the acids containing the same posi- 
tive radicals, with excess of potassic hydrate : — 



C"fe' + ^Ho = COKo, + 


(g-=-' 


Potaasio nit Potamio Potaasio 


Hjdrideof 


hydrate. carbonate. 


^dioal. 



2. By the destructiye distillation of various organic sub- 
stances, such as coal. 

Propertiei. — These hydrides are distinguished from those of 
the radicals of the C^^^n+i series by being less indifferent to 
chemical agents. By treatment with strong nitric acid they 
yield nitro-compounds : — 

Thus Benzol, C^ H^, gives nitrobenzol, C^ Hj (N^Og). 
„ Toluol, C,H„ „ nitrotoluol, C^H,(N^OJ. 
„ Xylol, C,H,„ „ nitroxylol, C,H,(N-0,). 
„ Cumol, Cg Hj,, „ nitrocumol, C^ Hn(N'Oa). 
„ Cymol,C,,Hj„ ^ nitrocymol, CioHi,(N^O,). 

Under the influence of reducing agents, these nitro-com- 
pounds yield aniline and its homologues. 



BENZOL, Benzene, Benzine, Phenolic Hydride, 

Bicarhu/ret of Hydrogen, 

CA or C(C.H3)H„ or PhH. 




Molecular weight =78. Molecular vohme PTI * 1 litre of 
henzol'Vapour weigJis 39 crithi, Fuiet at 5^*5. Boil^ 
at 80°-6. 
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Occurrence. — ^In Bangoon petroleum and in coal-tar. 
Preparation. — 1. By heating benzoic acid with excess of lime 
or baryta : — 

{cgft?^' + C*0 = (i(^'^')=« + cocao". 

Benzoio aoid. Idme. BenzoL Calcic carbonate. 

2. By heating the vapour of benzoic acid to redness, when 
it splits into benzol and carbonic anhydride : — 

{cony^' = CO, + C(C.H,)H, 

Benzoic add. Carbonic Benzol, 

anhydride. 

3. By heating phthalic acid with lime : — 

CsH^O, + 2CaO = C«H, + 2COCao". 

Phthalic Idme. . BenzoL Calcic 

add. carbonate. 

4. By passing fats through red-hot tubes. 
6. By the destructive distillation of coal. 

6. In small quantity, when the vapour of acetic acid or of 
alcohol is passed through a red-hot tube. 



SUBSTITUTION DEBIVATIVES OF BENZOL. 
I. Bromo Compoimds. 
MONOBROMBENZOL. 

CeH.Br. 
Boils at 150°. 

Preparation. — By acting with two atoms of bromine on boil- 
ing benzol : — 

CA + Br, = CeH,Br + HBr. 

Benzol. Monobrombenzol Hydrobromic 

or phenylic 
bromide. 



or phenylic add. 

lide. 



DIBROMBENZOL. 
CeH,Br,. 
Fuses at 89°. Boils at 219°. 
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Preparation, — By treating monobrombenzol with excess of 
bromine. 



TBIBROMBENZOL HTDBOBBOHLATE. 

CeH,Br,. 

Freparation, — By exposing a mixture of benzol and bromine 
to the action of sunlight. 



TBIBBOMBENZOL. 

C,H3Br3. 

Preparation. — By boiling the previous compound with alco- 
holic potash. 

The following graphic formulsB show the probable atomic 
relations subsisting between benzol, tribrombenzol hydrobro- 
mate, and tribrombenzol: — 




Bencol. 




Tribrombensol. 
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II. ChlorO'Compounds, 

Benzol fonns three chloro- substitution compounds, similar to 
the bromo-compounds just described. 

State of FvLBing- Boiling- 

aggr^;atioii. point point *Sp. gr. 

Monochlorbenzol... CgHjCl, Liquid... 136° 

Dichlorbenzol CeH^C],, SoKd ... 89°. 

Trichlorbenzol CeHjCl,, Oily ... 210° 1457. 



in. J^iro-compounds. 

Two only have hitherto been produced. 

Kitrobenzol CeH,(N^OJ or N(CeH,)0,. 

Dinitrobenzol CeH,(N^O^, or N,(CeHJ"0,. 



NITROBENZOL. 

N(CeH,)0, or NPhO,. 

Molecular weight =123. Molecular volume 11 1 . 1 litre of 
nitrohenzol vapour weighs 61*6 critha. Fuses at 3°. 
Boils at 220°. 

Preparation, — By the action of nitric acid on benzol : — 

C(C,H3)H3 + NO,Ho = N(C,H,)0, + OH,. 

BensoL Nitric aoid. Nitrobensol. Water. 

Beactions. — 1. By the action of reducing or hydrogenating 
agents, as zinc and hydrochloric acid, sulphuretted hydrogen, 
acetic acid and iron, or potassic arsenite, nitrohenzol is con- 
verted into aniline : — 

N(CeH.)0, + 3SH, = N(CeH.)H, + 20H, + S, 
or CeH,(N-OJ + 3SH, = CeH«(N'"H,) + 20H, + S3. 

Nitrobenxol. Sulphuretted Aidline. Water, 

hydrogen. 
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The relation between nitrobenzol and aniline will be seen in 
the following graphic formulsB : — 




2. By the action of sodium amalgam and water, nitrobenzol 
is converted into azobenzol, and finally into benzidine : — 



2Nv(CeH,)0, + 

Nitrobenzol. 

„rN(CeH.) 

1N(C.H,) + 

Azobenzol. 



H, = 



H, = 



„fN(C,H,) ^„ 

tN(C.H,) + *°H'- 

Asobenzol. Water. 

fN(C,H.)H 
tN(C,H.)H- 

Benzidine. 



DINITROBENZOL. 
N,(C,H,rO,. 
Fuses helow 100°. 

Preparation, — By treating nitrobenzol with a mixture of 
concentrated nitric and sulphuric acids. 

Eeactian. — By the action of sulphuretted hydrogen, dinitro- 
benzol is converted into nitraniline : — 



N,(C.HJ'0, 

DinitrobenBol. 



+ 3SH, 

Sulphuretted 
hydrogen. 



Inh, 



+ 20H, + S,. 

Nitraniline. Water. 
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Class II. 

HTDBLDES OF CHLOROUS OB NEGATIVE 

BADICALS. 

Only two of these are known : — 

Cyanic hydride or Hydrocyanic acid. 
Oxatylic hydride or Formic acid. 
The first has already been considered (p. 228) ; and the second 
will be more conveniently studied in connexion with the fSatty 
acids (p. d(Mj). 



CHAPTER XXX. 



THE ALCOHOLS. 

The alcohols form one of the most important of the families of 
organic compounds. The simplest member of this family is 
methylic alcohol, which is derived from marsh-gas by the sub- 
stitution of one atom of hydroxyl for one of hydrogen. 

CH,. CH3H0. 



■CsKs; 


eK£)-CiH= 


ursh-gaa. 


MethyUoaloohol. 



The alcohols have been termed the hydrated oxides of the 
basylous radicals ; but this is erroneous, as they do not contain 
water. They may more correctly be defined as the compounds 
of hydroxyl with the basylous organic radicals, whence it 
follows that each series of basylous radicals forms a correspond- 
ing series of alcohols. The alcohols act upon and saturate 
acids, forming a family of compounds termed ethereal talts. 
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The acidity or acid-saturating power of the alcohols depends 
upon the number of atoms of hydroxyl whicli they contain : 
the monad radicals give monacid alcohols, the dyad radicals 
diacid alcohols, &c. We have thus the annexed three principal 
subdivisions of the alcohol family. 



Monadd. 

Methyl or C^an-iH^o 

series. 
Vinyl or Cja:»,_iHo. 

series. 
Phenyl or 0«H»,-7Ho 

series. 



Diaeid. 
Glycol or C„Hj|,Ho, 



Triadd. 
GlycerinorC»Hft,_iHo3 
series. 



The following symbolic and graphic formuUe will exemplify 
the arrangement of the bonds in these three subdivisions : — 

Monacid Alcohols. 

Propylic alcohol. 1 _ n TnT/> ^^ / C(CH3)H, 
{miseries,) ] = ^-^^"^ ^^ lCH,Ho ' 



r/Kl>^;* 




Ivlic alcohol.) _ CTTTT^^, /0(CHJ'H 
(Vinyl series.) ] " °»-^»^° ^'^ j OH,H^ ' 




Benzoic alcohol. 1 ^ ^^^ f C(C,H.)H, 
{Phenyl senes.) J '^^ " jCH^o 




MONACID ALCOHOLS. 
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Propylenic alco- 



Diacid Alcohols, 



iropylemc alco-l fr«/mr\Tnr 

hol,orpropyKcl = C3H3H0, or { ggj)™^. 
glycol J * 



Q-lycerin 




Triacid Alcohols. 




CHHo 
CHHo. 
CH^Ho 



MONAGIB ALCOHOLS: 

Methyl or C^HaH-iHo series. 

These alcohols may be divided into three classes viz. : — 

1. Monacid normal alcohols 



secondary 
tertiary 



lCH,Ho 

t C(C^H^+OHHo- 

tC(C«H^+,p[o- 



In the general formula of the normal alcohols n may =0, 
and even the whole radical C(CnH2^i)Hjj may be replaced by 
hydrogen, as is the case in methylic alcohol. In the formulae 
of the secondary and tertiary alcohols n may also =0, but m 
must always be a positive integer. 
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_ NOBMAL MOMdCID ALCOHOLS, ■ 

" General formula { q^^^'^^^ ■ 

The following is a list of the members of tliis class : — 

pomU. points- 

Methjlic alooliol »» (cH Ho ^^'^^ 

Ethylic alcohol {cH^Ho -^ — ^^''*^' 

oohol lCH,Ho ^*^ ICH^Ho ^ ^ 

Cuprojlic or heiyHc fCBuH., ^^ J C(c'Ha}H^ 

alcohol ..:.... \CH,Ho *^^ LCH.'Ho^ — 

(EnanthTlic or heptvlic f CAyH, f C(C,E,i)H„ 

ahjobol .:.... \CK,Ho ^^lCH.,Ho ~^ 

CapryUc or odylio al- [CCpH, rC(C,H^)H:, ,^^„ 

cohol \CH.,Ho ^'^ iCH^Hp "^— ^^^ ' 

Crtylic alcohol Icil'^"'^^ 41l^-.30=. 

Cerotio alcohol { OH Jf^"^^- "'^- 

MeHssic alcohol -"{ca^"^^ ^^°* 

The lower members of the class are liquid, and the higher 
solid. There is a rise of about 19^ in the boiling-point for 
every addition of CH^* They are produced in a variety of 
operations, such as destructive distillation, fermentation, and 
animal aeeretion, but by reactions which cannot usually be 
traced. 

Melations of the normal C^Es^^iHo alcokoh to tli€ monad C^Hn^^, 

radicah. 
1. The radicals C„Hai+i which are combined with hydroxyl in 
the normal alcohols may be separated, by first converting the 
alcohol into an iodide (see p. 2B3), and subsequently actiu*' on 
the iodide by zinc (see p. 209). 



RELATIONS OP ALCOHOLS TO DYAD RADICALS* 
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+ HCI: 

Hjtlrochlorio 



2. Tbe radical next lower in the series, than that contaljied in 
the alcohol, may be obtained by converting the alcohol into the 
corresponding fatty acid^ and then anbmitting a salt of this acid 
to electrolysis (see p, 209), 

B. Inversely, the normal alcohols may be obtained by acting 
npon the radicals with chlorine under the influence of light, when 

ione atom of hydrogen in the radical is displaced by chlorine. 
Thus in the case of methyl we have 
I tCH, + ^^' - tCH,a 

[ Methyl. Cklorinat^d 

by the action of potassic hydrate upon this chlorinated me- 
I thyl, ethylic alcohol is formed, thus : — 

■ 1CH,C1 

^^H Chloririiited 

^^V methjL 

^H This reaction requires further investigation (see p. 248). 

Relations of the normal C^Hs^iHo alcohoh to the dtfod C^H^j* 
^K radicah. 

^■^ 1. The C^H^^ radicals are obtained from the normal C^Ha^^iHo 
alcohols by the abstraction of the elements of water .•— 

». {gSiHo - OH. - ••{§?:• 
H EtIiylJo Water. Ethfiene. 



+ KHo 

Pot&asic 

hydrate. 



= { 



CH,Ho 

EthvHc 
alcohol. 



Fotaasic 



alcoj 






2. Inversely, the normal alcohols are obtained from these 
"radicals by first uniting the latter with hydrochloricj hydro - 
bromic, or hydriodic acid, and then treating the product with 
potassic hydrate : — 

"1^^^ + HCI - \^' 

tcH, + ^^^ ~ tcH.,cr 



Ethylene, 

\ CH^Cl 

Etbylio 



Hydroebkric 
acLd. 

+ KHo 

PotiUBic 
hydrate. 



Ethylio 
chloride. 



= { 



CH, 
CH^Ho 

Ethrlic 
alcohol. 



+ KCl. 



Potaasie 
chloridf- 




THE ALCOHOLS. 

Or hy uniting the djad radicals with sulplmiic acid^ and 

ilistillmg the product with water .- — 

SO.Ho, + C,H, = S0,Ho(CAO): 

Bulpfaurlo Ethjlene, Bolpbcrria^ acid, 

SO^EtoHo + OH^ = SO^Ho, -|- 

ialphfyiriiiJo WBter, 8alpbiiritf 

Mid. mead. 



Melatiom of the normal C^Hg^jHo aleohoh to the hydridn 

of the C„H2n4.i radieaU. 

L AVhun the alcohols are converted into iodides (see p.2S3) 
M\\\ \^w hitter digested witli zinc and water at 100°, the corre- 
n)u>ti(liiig hydridoH arc |)roduced (aee p. 237). 

2. Wlien the liydrides of the C^Hj^^i radicals are acted 
upon hy chlorine under the influence of light, they produce 
the chlaridcH of the radicals, from which the alcohols may be 
ohtained hy tlie action of potassic hydrate : — 

EtH + Ci, = EtCl + HCh 

Ikjrilridi'. cMoride. ric acid. 

EtCl + KHo ^ EtHo + KCL 

Etliylio Fot&saie Ethjlic Pot*«sic 

tiliktrlilt'. hydrat**, aJoohoL uhJoridtf, 

Tlie greater quantity of the chlorine compound so formed is 
isomeric with the chloride of the radical, and possibly gives a 
corresponding isomeric alcohol 

EelaUom of the normal C^Hj^^iHo ahohoU to the radical c^a- 
no^en. Ascent of the alcohol series. Mendius's reaction. 

By the dry distillation of potassic sulphovinate and its homo- 
l()^;uc?< with potaasic cyanide, the cyanides of the radicals are 
produced: — 



SC\EtoKo 


+ KCy - 


- SO.Ko, 


+ EtCy. 


Po«Miio 


FotttMia 


Potiiaic 


Ethylfo 




cyanide. 


sulphAte. 


cyanide. 
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By treatment with nascent hydrogen, this cyanide is con- 
verted into propylamine : — 
NC(CMeH,) + H, = N[C(CMeH,)HJH, or NPrH,. 

Ethylio cyamde. Propylamine. 

By the action of nitrous anhydride, propylamine is trans- 
formed into propylic alcohol : — 
2NPrH, -\- N,03 = 2PrHo -\- OH, -f 2N,. 

Propylamine. Nitrons Propylic Water, 

anhydride. alconoL 

It is obvious that by repeating these reactions on propylic 
alcohol, butylic alcohol would be obtained, the homologous 
series of alcohols being ascended one step at each repetition of 
the process. 



METHTLIC ALCOHOL, Wood Spirit, Fyroxylic Spirit. 
CHgHoorMeHo. 
Molecular weight =32. Molecula/r volume 1 I I . 1 litre of 
methylic alcohol vapou/r weighs 16 critJis. Sp. gr, 0*798 . 
Boils at 66°-5. 
Preparation, — 1. From marsh-gas, by the action of chlorine 
and subsequent treatment with potassic hydrate : — 

CH, + CI, = CH3CI + HCl; 

Marsh- Methylic Hydrochlo- 

gas. chloride. rio acid. 

CH,C1 + KHo = CH,Ho + KCl. 

Methylic Potassic Methylic Potassic 

chloride. hydrate. alcohol. chloride. 

2. Prom the essential oil of Gaultheria procwmhens, by the 
action of potassic hydrate — 

0,H,OMeoHo -h KHo = C,H,OHoKo -h MeHo. 

(^ of Oavltkeria pro- Potassic Potassic salicylate. Methylic 

eumhens. (Metho- hydrate. alcohol, 

salicylic acid.) 

3. By the destructive distillation of wood. 

Reactions, — 1. Methylic alcohol unites with some salts in the 
capacity of water of crystallization, as, for instance, — 



CaCl,, 2MeHo. 



IJL^ 
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2. By the action of potassium and sodixim^ methylates are 
formed with elimination of hydrogen ;— 

CH,Ko. OH,Nao. 

Fotuoio Sodio 

3, By oiidfttion it is transformed into formic acid : — 

\CH^Ho + ^a - |cOHo 

Metbjlio Fdrmiijaffld. Water 

aXoorhoL 

4* When distilled with calcic chloro-hypochlorite {chloride o 
lime) and water, chloroform is produced. 

O 

2CH Ho + 4Ca(0Cl)Cl = 20HCL, +< O + 30K. 

^ Ca" 



+ OH, 



Itotliytii! 



Cftlcio oWoTo- 
hjpocblorite. 



Chlopofonn, 



o 

;.CaCl 

Caldc oiy- 
chloride. 



Watef. 



ETHYLIC ALCOHOL, Alcohol, Spirit of Wine. 
OK 



or EtHo. 



Moleculnr weiffhi =46, Mohcular volwme 1 J~| ^ 1 litre of 
ethylic alcohol vapour weiglis 23 criths. Sj>. ffr, 792 at 
20^ BoiU at 78°"4, 
Preparation. — 1. Prom ethylene (p. 247). 
2* By the fermentation of grape-sugar with yeast at about 

22"^;^ 

C,H,,0, ^ 2C,H,Ho + 2C0,, 

Gnpe-ftigar. Bthylio Carbonic 

a^oolioL anhjdxide. 

At the same time, however, other products are formed, but 
in very small quantities. 

Beaction^.—l. Treated with potaasium or sodium, alcohol 
forma ethylates : — 

jCH, fCH, 

\ CH,Ko' \ CH,Nao- 

FotBisio Sudio ctliylite. 
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2. When passed through a red-hot tube, alcohol is decom- 
posed into marsh-gas, hydrogen, and carbonic oxide : — 



C,H,Ho = CH, -h H, -h CO, 

Ethvlic Marsli- Carbon 

aloonoL gas. oxide. 



Small quantities of ethylene, benzol, and naphthalin are 
simultaneously produced, whilst carbon is deposited. 

3. By oxidation, ethylic alcohol is converted first into alde- 
hyde, and then into acetic acid : — 



\CH,Ho + O - |-- 



COH 



OK. 



Ethylic Aldehyde. Water, 

alcohol. 

fCH, . o - l®^' 

\COH + " - \COHo- 

Aldehyde. Acetic acid. 

4. Distilled with chloride of lime, ethylic alcohol produces 
chloroform. 

Alcoholates are salts containing alcohol in the place of water 
of crystallization ; they are mostly decomposed immediately by 
water. 

The following are known : — 

ZnCl,, 2C,H,Ho. 
CaCl,, 4C,H,Ho. 
N,0,Mgo", eC^H^Ho. 



MEBCAFTAUr, Sulphur Alcohol, Ethylic mlphhydrate, 
Hydrosulphafe of Ethyl, 

Molecular weight =62. Molecular volume I I L 1 litre of 
mercapta/n vapour weighs 31 criths, 8p. gr. 0*835. BoiU 
a^63° 
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Prfparatiom. — Bj distilling potassic sulphovinate with po- 
tassic 8iilphhvdrat€ : — 

SO,EtoKo + KHs = EtHs + SO^Ko^. 

Potaaic Potaasic Mero^>taii. Potaaaio 

satpkonnate. anlphhydrate. Bolphate. 

Beadiomi. — 1. By the action of potassium and sodium on 
inercaptan, an atom of hydrogen is displaced by the metal, pro- 
ducing mercaptides : — 

fCH, {OR, 

\OH,Ks- tOH^Nas- 

PotMBie Sodic 

™*»«H*de. meroaptide. 

2. Meicaptan acts upon mercuric oxide with great energy, a 
white crystalline mercuric mercaptide being formed : — 

2{^Hs + HsO = l^Hga" + OH, 

Mttfaptaw Mercone Mocnric Water. 

oxide. mooaptide. 

Propylie alcohol, \ Q^-^t is obtained from the fusel oil 
of the marc brandy of the south of France. 

BmtjfUc alcohol, \ qh g!j» ^ contained in the fusel oil pro- 
duced in the preparation of spirit from the molasses of beet- 
root sugar. 

f CPrH 

AmyUe alcohol, \ qh Ho ^® *^® ^^^ constituent of the fusel 

cdl obtained in the manufacture of alcohol from potatoes or 
imrain. 

As far as these alcohols have been studied, they resemble, in 
their chemical relations, the two previously described. 

SECONDARY MONACID ALCOHOLS. 

General formuk... { o(clHr+&o- 

The secondary alcohols differ from the normal in yielding 
bv oxidation ketones instead of acids. 
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Three secondary alcohols are at present known : — 
IsopropyHc alcohol { CMeHHo* 

C2pVh * 
Pseudohexylic alcohol i q^ -^-o- . 

The first, is obtained by the action of nascent hydrogen on 
acetone: — 

fCH, . TT -. /CH3 

tCOMe + ^2 - \CMeHHo- 

Acetone. Isopropylio alcohoL 

The relation existing between ethylic alcohol, propylic 
alcohol, and isopropylic alcohol, will at once be evident from 
the following formulsB : — 

fCH, fC(CH,)H, fCH, 

tCSyffo- tCH^Ho ■ tC(CH,)HHo- 

Ethylio alcohoL Propylic alcohoL Isopropylic alcohol. 

. From these formulae it is seen that propylic alcohol is ethylic 
alcohol in. which one atom of hydrogen in the methyl (or non- 
oxygenated part of the compound) is displaced by methyl ; 
whereas isopropylic alcohol is ethylic alcohol in which one atom 
of hydrogen, in the oxygenated part of the compound, is dis- 
placed by methyl. 

Ethylic alcohol boils at ... 78°-4 
Propylic alcohol „ ... 96 
Isopropylic alcohol „ ... 87 

Thus, by substituting an atom of methyl for one of hydro- 
gen in the non-oxygenated part of the alcohol, the addition of 
CHj raises the boiling-point 17°'6 ; whilst, if an atom of hy- 
drogen in the oxygenated part be similarly displaced, the same 
addition only raises the boiling-point 8°*6. 

Isopropylic alcohol yields by oxidation a ketone, and not an 
acid. The radical oxatyl being a necessary constituent in 
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organic acids, it will be seen from the following equations that, 
although propylic alcohol can be converted into an acid without 
the disruption of its carbon atoms, isopropylic alcohol cannot 
be so transformed : — 



Ethjiio alcohol 



- {: 



_ JCH, 
COHo 

Aoetio add. 



+ OH,. 

Water. 





fC(CH,)H. Q 

Propylic alcohol. 



{^S>^ + OH, 

Fropionio add. Water. 




C(CH,)HHo "♦■ ^ 

Isopropylic 
alcohol. 



- { 



CO(CH,) + ®^»- 

Acetone. Water. 




TERTIABT MONACID ALCOHOLS, 

General formula [ Sln"5'"^" W • 

\ C(C«Ha«+,),Ho 



VINYL SERIES Of MONACID ALCOHOLS. 



255 



One of these alcoHols has recently been obtained, but little 
is yet known of its reactions. 

ClvfeHo' ^^ heen produced by 
acting with zincic methide on acetylic chloride, and submitting 
the product thus obtained to the action of water : — 

(c?bl + 225«Me, = { g5e,(Zu"MeO) + ^hiMeCl; 



Aoetjrlic 
chloride. 



Zincio 
methide. 



Zincic chlor- 
methide. 



CMVZn"MeO) + 



20H, 



Water. 



= \CT\/f( 



e,Ho 



Pseudobatylic 
alcohol. 



-h CH, -h ZnHo,, 



Meihylio 
hjdnde. 



Zincic 
hydrate. 



©-$-© 




or 



' CH 
,C(cX),Ho- 



Faeudobntylio alcohol. 



CHAPTER XXXI. 

MONACID ALCOHOLS: 
Vinyl or G„H2n-iHo series. 
The normal alcohols only of this series are known; and of 
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these but two have been obtained : — 



Vinylic alcohol ■•"{cHbo *"■ C!Me"HHo. 

All r 1 1, 1 fCMe"H 

AUylic alcohol ... | qh^Ho ' 




^ (5) 

Vinylic alcohol. 




Allylio alcohol. 



VINYLIC ALCOHOL. 

Preparation. — By combining acetylene with sulphuric acid 
and distilling the product with water, in the same manner as in 
the preparation of ethylic alcohol from ethylene (p. 248) : — 



SO.Ho, 

Sulphuric 
acid. 

SO,(C,H30)Ho 

Snlphoyinylic acid. 



+ c,H, = 

Acetylene. 



OH, = 

Water. 



SO,(C,H,0)Ho. 

Sulphovinylic acid. 



SO,Ho, 

Sulphuric 
acid. 



+ OMe"HHo. 



Vinylic 
alcol 



lylic 
>1iol. 



This alcohol is isomeric with aldehyde and with ethylenic 
oxide : — 



tCHHo \ 



CHHo 

Vinvlic 
alconol. 

If the above, and not 



CH, 
COH 

Aldehyde. 

"CH 



Ethylenio 
oxide. 



be the true formula for 



r"< 

tCH^Ho' 

vinylic alcohol, it is obvious that this body could not yield an 
acid by oxidation ; but if the latter formula represent vinylic 

{"CH 
C30TT ' 

homologous with acrylic acid. 
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ALLTLIC ALCOHOL. 
fCMe'H .,, „ 

Soils at lOS". 

JPreparation. — GUycerin, when submitted to the action of di- 
phosphorous tetriodide, yields allylic iodide : — 

fCMo »4CH, 

•V\I^ + 2 \ CHHo = 2 {CH + 2POHHo, + I,. 
[CH.Ho \CSJ. 

DiphoBphorons Glycerin. Ally^lio Fhosplioroiis 

tetriodide. iodide. acid. 

The allylic iodide is then decomposed by argentic oxalate 
when allylic oxalate is formed : — 

^ + (ggig - (gS + "si- 

Allylic Argentic Allylic Ai^entic 

iodide. oudate. oxalate. iodide. 

The allylic oxalate is next decomposed by ammonia, when 
oxamide and allylic alcohol are produced : — 

{oOAUo + ^^^ - tC0(N'"^) + 2A11H0. 

Allylic Ammonia. Oxamide. Allylic 

oxalate. alcohol. 

Reactions. — 1. In all ordinary reactions, allylic alcohol 
behaves like ethylic alcohol. By oxidation it givfes acrylic acid : — 

fCMe"H . o - /CMe"H . ^tj 
\CH,Ho + O, - jcOHo + °^«- 

Allylic Acrylic Water. 

alcohoL acid. 

2. With phosphoric anhydride it yields aUylene — 



_ „fC(CH,)" 
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Among the ethereal salts of allylic alcohol, the sulphide and 
sulphocyanate occur in nature as garlic and mustard oils : — 

^Ch'"^ rOMe'H 

8" ' . J ?^ 

OH, 
CMe"H 

Allylic AllyKc 

BolphocTanate. 
(Mustard oiL) 



Uylic 
solphide. 
(Gturlio oiL) 






CHAPTER XXXIL 
MONACm AXC0R0L8: 



Phenyl or C„H2n_7 series. 

These alcohols may he divided into a normal and a secondary 
class. The memhers of the first class possess the general 
character of the normal alcohols of the ethyl series, while those 
of the second class exhibit slightly acid characters. 

Class I. Normal Alcohols. 

General formula . . . : | CH hJ'""'^^'- 

Normal phenylic alcohol... \ ng ^o ^' 
Benzoic alcohol* j c^^'^^'- 




SECONDARY ALCOHOLS^ PHENYL SERIES. 

Cumylic alcohol \ CH Ho 

SycoceryHc alcohol | q^Ho^''^^"- 

Class II. Secondary Alcohols. 
Gbneral formula {^[^±:i;^o- 
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In this formula m may =0, but n must be a positive integer. 

Pbenylic alcohol. Carbo- f CH 
lie acid* \0(C,H)HHo- 

CresyUc alcohol t { C(c!h)HHo- 
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Class I, j:^OBMAL ALCOSOLS. 
BENZOIC ALCOHOL. 

rC(C,H3)H, 

Bmh at 204°. 

Preparation.' — 1. By treating oil of Mtter almonds with alco- 
holic potash : — 

2 fC(CA)H, . KH^ _ |C{C,HJH, rC(C,H,)H, 

Benxoic aldehyde. PotHMic Benzoic alcohol. Potaaaui 

(Oil of hiUiit hjdnte. bentooie 

almondB.) 

2. Benzoic alcohol may also be ohtained from toluol by first 
convertitig the latter into toluylie chloride by the action of 
chlorine^ — 



|C(C,H,)H, 

Toluol. 
(Tolujlie hydride.) 



+ 



Toltijlio chloridGL 



+ HClt 

HydrochJoric 
odd. 



and then submitting the toluylie chloride to the action of po- 
taasic hydrate t — 



Tolnylici 
chloride. 






Fota^ics 
hydmte* 



Benzole 
aJoohoL 



KCl. 

otdondc 



Class H. 8EC0NBABY ALQ0MQL8. 
PHENYLIC ALCOHOL, CarhoUc Acid, Fken^lic Add, 

Molecular weight =94. Molecular voluvw Q^, 1 Ufre of 
phentfUc alcohol vapour weighs 47 criths, Sp. gr, 1*065 of 
18^ FuBeM at 34°. Boih at 188^ 
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Occurrence, — ^In coal-tar, and in small quantity in the urine 
of man, of the cow, and of the horse. 

Preparation, — 1. By the distillation of salicylic acid with 
baryta or lime : — 

rC[C(C,H)H,]KEo fCH3 ^ nn 

icOHo* ^ = tC(C,H)HHo + ^^- 



Saliovlio Fhenjlio Carbonic 

icicL 



"2' 

jnic 
aoio. alcohol. anhydride. 

2. It is also produced in the destructive distillation of nume- 
rous organic substances. 

3. Phenylic alcohol is formed when the vapour of ethylic 
alcohol or acetic acid is passed through a red-hot tube. In this 
maimer phenylic compounds may be obtained from their ele- 
ments ; for both acetic acid and alcohol may be built up from 
purely mineral sources. 

4. Phenylic alcohol is formed when aniline hydrochlorate is 
treated with potassic nitrite : — 

NPhH3Cl + NOKo = PhHo + KCl + OH, + N,. 

Aniline Fotassic Fhenylic. Fotassic Water, 

hydrochlorate. nitrite. aloohoL chloride. 

Reactions, — Treated with chlorine, bromine, or nitric acid, 
phenylic alcohol produces a series of substitution products, of 
which the following are examples : — 

DichlorphenyHc acid { C(cJh)HHo- 

TrichlorphenyUc acid | c(C^H)HHo- 

f CCl 
Perchlorphenylic acid 1 C( C CI) CIHo* 

{CTT l^r 
C(d,H)HHo- 

NitropheuyUcacid {gJ&^;Sio- 

DiniteophenyUcacid {gfc^5)^o- 
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TrinitPophenylic acid. (^Fieric J CCN^O-), 
acid,) tCCC^HjHHo- 

Amidodinitrophenylic acid. f C(N^O,),(N'"H,) 
(^Picramic acid.) \ C(C^H)HHo 



CBESTLIG ALCOHOL. 

fCMeH, 

\ C(C,H)HHo* 

£^>a«a^204^ 

This alcohol is very little known ; it is isomeric with benzoic 
alcohol 



CHAPTER XXXm. 
BIACID ALOOHOLSar QLTOOL8, 

General formula... -j rj"H**g;o' 
The following is a list of the glycols at present known : — 

BoOing-pomts. 

Glycol or EthyUc \ p ^ p. ^^ fCH^Ho ^ano.K 

glycol ...|^»^«^*^^ tci^Ho ^^^^• 

PropyUc glycol... C3H3O, or { g^^^ 1880-189°. 
Butylic glycol... C,H,,0, or { g^™^ 183^-184°. 

AmyHc glycol ... C,H^O,or {ch™'' l^^- 

The existence of normal, secondary, &c. alcohols of this sub- 
division has not yet been clearly established ; but ethylic glycol 
is probably a normal glycol, whilst propylic, butylic, and amylic 
glycols are probably secondary glycols, as shown in the above 
formulsB. 



GLYCOLS. 
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Methylic glycol has not been obtained ; and although a sub- 
stance of the same composition might exist, yet it would not 
be strictly homologous with the ethylic and propylic glycols, as 
will be seen from the following graphic representations : — 




_ rCH^Ho 
- \ CH,Ho- 



Ethylic glycol. 




/ C(CH,)HHo 
= tCH,Ho 



Propylic glycol. 




CH^o,. 



Methylic glycol P 



In the ethylic and propylic glycols, the two atoms of hy- 
droxyl are united with different carbon atoms ; in the methylic 
glycol they would be united with the same carbon atom. 

It will be observed that the boiling-points of the glycols 
differ from each other in a direction inversely to that previously 
noticed in the case of the normal monacid alcohols : the more 
complex substances boil at a lower temperature than the 
simpler ones. 
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OLTCOL. ETHTLIC OLTCOL, Ethylenic Alcohol. 

fCtt,Ho 
tCH^ffo- 

Molecular weight = 62. Molecular volume 11 1 . 1 litre qf 
etJiylic glycol vapowr weighs 31 criths, 8p, gr, 1*125. 
JBoils at 197°-6. 

Preparation. — ^Ethylenic dibromide is treated with argentic 
acetate, and thus converted into ethylenic diacetate : — 

fCH,Br . „|^T^^^._ fCK-O-CMeO _^ oa n 
{cH^Br+^CMeOAgo = {cH^O-CMeO ^ ^AgBr. 

Ethylenio Argentic aoetate. Ethylenic diaoetate. Argentio 

dibromide. (Diaoetic glycol.) bromide. 

The ethylenic diacetate is now acted upon by potassic hydrate, 
when it yields potassic acetate and glycol : — 

{gi::8S8 + »'^» - {^l *^'»^ 

Ethylenic diacetate. Potaasio OlyooL Potaasic aoetate. 

hydrate. 

Beactions. — 1. Glycol is easily oxidized, the first product of 
its oxidation being glycollic acid : — 

Glycol Glycollic Water, 

add. 

2. By further oxidation oxalic acid is formed : — 

(glliS + o. - {§81: + ^o". 

Glycol OxaUc Water, 

add. 

3. Oxalic acid is also produced by heating glycol and po- 
tassic hydrate together to 260° : — 

rCH,Ho . „T^„^ rCOKo . J, 

Glycol Potaadc Potaaaio 

hydrate. oxalate. 



DERITATITBS OF GLYCOL. 
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4. Treated with potassium or sodium, the hydrogen of the 
hydroxyl in glycol is replaced in two successive stages : — 



fCKNao 
tCH,Ho ' 

Monoflodic glycol 



{ 



CH,Nao 
CH,Nao- 

Diaodio glyool. 



The following list contains some of the principal derivatives 
of glycol : — 



/ CH,Ho 
t CH,Ho' 

OljcoL 

f CH.Ho 
t CH,C1 • 

CUorhydrio 
glycol 

fCHJHx) 
tCH^r 

Bromethylio 
glycol. 



r CH^Eto 
tCHJBto- 



Diethylio 
glycol 




Cfl,-0-OMeO- 



r CH,H8 
t CH^Hs- 

Solphur glycol. 

fCH.Ho 
t CH,Br 

Bromhydrio 
glycoL 

f CH,Eto 
tCH,Ho- 

Hydric ethylic 
glycol*. 



Sfonaoeti 
glyooL 




rCH,Br 
tCH,.O.CMeO- 



^^fCH,.0-CMeO 
^^tCH,.O.CMeO- 



"S 
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rcH. 

CO 
O 

CH, ^, fOHj-O-CMeO 
CH, *>' tCH,-0-CPrO- 
O 
CO 



< 



FOLTETHTLEKIC OLTCOLS. 

JPoh/ethylenio JJeohoU. 

Tbese bodies are produced by heating ethylenic oxide with 

glycol in sealed tubes, and by other processes. They may be 

regarded as formed by the addition of ethylenic oxide to 

glycol. 

CH,Ho 



CKHo 


CH,Ho 




CH, 

Diethylenic glycol ...■^ CH, or 

CH,Ho 
^CH-Ho 
CH, 

Triethylenic glycol ...-^ qo 

l^CH,Ho 
rCH,Ho 
OH. 

§=■ 

OH, 

CH, or < 



CH, 

§"« 

y^OHjHo 

Pentethylenic and hexetliylenic glycols have also been 
formed. 



Tetrethylenic glycol < 



rCH,Ho 
l^CH,Ho 



TRIACID ALCOHOLS. 
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CHAPTER XXXIV. 

TBIAOID AZ00S0L8. 

These alcohols contain three atoms of hydroxyl united with 
three separate atoms of carbon ; consequently the lowest term 
contains three atoms of carbon. 

Only two of these alcohols have been obtained : — 



rOH,Ho 

Glycerin ^OHHo. 

lOH,Ho 



Amylglycerin , 



rOH,Ho 

CEtHo. 

[OH,Ho 




The constitution of amylglycerin is not at present established. 
Its formula may possibly be 

rOEtHHo 
^CHHo . 
[CH^Ho 

The action of oxidizing agents on amylglycerin will pro- 
bably throw light upon its internal structure. 



■s^ 
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GLYCEEIN, 

fCH.Ho 
i CHHo . 
[CH,Ho 

Sources. — Most animal and vegetable fats consist of mixtures 
of the glyceriii ethereal salts of the fattj and of the oleic series 
of acids* Glycerin is liberated from these bj water at high 
temperatures, or by bases giving salts insoluble in water : — 



\ Cli .0-G(C,.H,,)O+3OH,= \ CHHo +3 l nnil''^^ 



tCH,.0-C(cX)0 



Water. 



[CH^Ho 

Glycerio. 



Steaneiidd. 



Helation of Glycerin to Improp^lic Alcohol, 

Bj the action of bydriodic acid, glyceriii ia converted iBto 
isopropylic iodide : — 



+ 21, + 30H,. 



Water. 



fCHHo 
CHHo + SHI = 
CH,Ho 


i CHI 
CH, 


Gl/oerin. HjdriodiD 


Iftoprowlic 



Helation of GIt/cerin to AUi/lic AlcohoL 
When diphosphorous tetriodide is bronght into contact 
with glycerin, an energetic reaction ensues, allyHc iodide being 
formed - — 



f CH^Ho 
'T\l, + 2 I CHHo 
ICH,Ho 

Gljceria. 



DiphcwphorouB 
tetriodide. 



2 CH + 
iCHJ 

Allylic 
iodide. 



2POHHo, + I,. 



rhoqilioroiiM 
acid. 



Melatiom of Glycerin to Prcp^lie Gl^coL 

The several atoms of hydroxy] in glycerin are capable of 
being substituted by chlorine, bromine, &c. ; thus, by the action 



GLYCEBIN, 
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"of bydrocliloric acid on glycerin, one atom of hjdroxyl is dis- 
placed by chlorine, monocMorbydriia being formed .• — 



^ 



CHHo 
CH^Ho 

Gljcerin. 



+ HCl 



fCHCl 
= ^CHHo 

CHHo 



+ OH,, 



Hydrochloric 
add. 



Motnocklor- 
bydrin. 



Water. 



Mopocblorbydrin is identieal with monochlorinated propjlic 
glycol : — 



r 



rcH^ci 

CHHo = 
. CH^Ho 

Monochlorhjddii. 



r C(CH,Cl)HHo 
1 CH^Ho 

M ooochlorliiated 
pFopylic glycol. 






By the action of sodium amalgam and water, monochlorinated 
propylic glycol is readOy converted into propylic glycol : — 

f C(CH )HHo 
- \ CH,Ho 



/ C(CH,Cl)HHo 
t CH^Ho 



+ H, = 



+ HCl. 



MonoehloTinated 
ppopylie gljcoL 



Propylio 
gljeoi 



Hydrochloric 
jitiid. 



Melations of Glycerin to the Trih^dric Acidt — Glgeeric Acid, 
and Tar&ronic Acid. 

By the slow action of nitric acid, glycerin is converted into 
glyceric acid : — 



CH^Ho 
CHHo 
CH^Ho 


+ 


0, = 


f CH,Ho 
CHHo 
COHo 


Glyotffm. 






Oljceric 
ddd. 



+ OH, 



Water, 



^V A second atom of oxatyl has not been produced in glycerin, 
^*so as to convert the latter into el dibasic acid ; but there can be 
little doubt that tartronic acid, which is formed by the spon- 
taneous decomposition of nitrotartaric acid, is the acid in 
.question, and that it has the following conatitution :— 

fCOHo 
J CHHo. 
[COHo 
Tartronio acid. 



270 THE ALCOHOLS. 

SelatianM of Olyeerin to Aerylie Add. 

By the action of substances Iiaying an attraction for water, 
Auch as phosphoric anhydride or sulphuric add, glycerin is 
converted into acrolein : — 

Olyoerin. Water. Acrolein. 

By the absorption of oxygen, acrolein is transformed into 
acrylic acid : — 

fOMe"H , ^ rOMe"H 

\OOH + ^ - \OOHo • 

Acrolein. Aotjlioadd. 

Both these reactions are accomplished simultaneously when 
glycerin is added to fused potassic hydrate : — 

C^"" + KHo = f Sffi^? + H, + 20tt,. 
CH^Ho l^UJLo 

Olyoerin. Potaasio Potaaaio Wat«r. 

hydrate. aorylate. 



OTHER FOLTAOID ALCOHOLS. 

Hrythrite (Mrythroglucin, Erythromannite, Phycite, Pseudor- 
cin) is a tetracid alcohol, and the acid corresponding to it is 
tartaric acid. Citric acid may also be considered to be derived 
from an unknown alcohol of this series. A glance at the for- 
mulffi of these alcohols and acids will show their relations : — 



CHBo 
CHHo 
CHHo 
CH^o 



rCOHo 
CHHo 
CHHo' 
COHo 



fCHHo(CHHo) rCHHo(COHo) 
CH(CH-Ho) . -^CHCCOHo) . 
CH,(CH^o) [CH,(COHo) 



Erythrite. Tartaric acid. Tetradd alcohol Citric add. 

(unknown). 
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"Wben reduced by hjdriodic acid, erythrite yields btitylir 
iodide : — 



rQKMo 

CHHo 
CKHo 



+ 7HI 



40H, + 



Hjdriodic 



Water. 



rcH. 

JCH 

iodide- 



3L. 



No pentacid alcoEol is known ; but two acida corresponding 
to compoundB of this class liave been obtained ; they are apo- 
sorbic acid and desosaHc acid ; — 



CH,Ho 
CHHo 
CHHo. 
CHHo 
CH,Ho 

Pcmtftcid aJcoliol 
(nnkcown). 



1: 



rcoHo 

1 CHHo 

<; CHHo. 

CHHo 

^COHo 

ApoBorbia 
ftcid- 



fCHKo rCOHo 

CHHo J CHHo 

CHo(CH_Ho). 1 CHo(COHo). 

LCH^Ho [COHo 



Unknown 



Peaoxftlio 
ftctd. 



Mannite is a hexacid alcohol. There are two ieomeric acids 
"corresponding to thia alcohol : these are saccharic and mucic 
.acids V — 

^CH,Ho fCOHo 

CHHo CHHo 

CHHo J CHHo 

\ CHHo ^ \ CHHo' 

CHHo CHHo 

CH^Ho [cOHo 

or muciu acid. 

Mannite is closely 3^elated to glucose, the latter containing 
two atoms of hydrogen less than the former* Glucose can, in 
fact, he converted into mannite by the action of nascent hy- 
drogen : — 



CH,Ho 
CHHo 
VCHo . 
CHo + 

CHHo 
CH^Ho 



H. = <^ 



GH,Ho 
CHHo 
CHHo 
CHHo" 
CHHo 
l,CH,Ho 

HsBnifce, 
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CHAPTER XXXV. 

THE ETHEBS. 

These compounds are the oxides of the basylous or positive 
radicals. 

Each series of basylous radicals produces a series of ethers; 
we have thus ethers of the mdnacid, diacid, and triacid alcohols, 
of which the following are the general fonnulse : — 



Ethers of the monacid alcohols 



Methyl 
series. 

CnHa,+i 




Vinyl 
series. 




Phenyl 
series. 


.CnHg^+i 


. CnHa,_i 


IcA.- 



Ethers of the diacid alcohols . . . C„H2„0. 



Ethers of the triacid alcohols < C„H2„_i-< 



-0-H^ C.) 
-O-H^ Cj 



ETREBS OF THE MONAOLD ALCOSOLS. 
These bodies are derived from tlie alcohols by the aubsti. 
tution of the hydrogen of the hydroxyl contained in the latter 
by a positive monad radical. 

METHYL SEBIE8. 
The following list contains some of the ethers of this series : — 



Methylic ether 



fCH, 
Methylic ethylic ether < O 

LCaHg 

r c^H, 

Ethylic ether '" 



Methylic amylic ether 



O or 

CH3 

O or 

LC.H 



rcH3 

LCH3 

rcH3 

CMeHa 

CMeH^ 
O 

CMeHj 
fCH, 

OBuH, 





Boiling- 
points. 


or OMe2 


-21^ 


or OMeEt 


+11^ 


or OEt^ 


34«>. 


or OMeAj 


920. 
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Ethylic butylic ether. 
Eth jlic amjlic ether, 
Bufylic ether ., 



.{o 





Boiling, 
points. 


OEtBu 


80°? 


OEtAy 


112«. 


OBu, 


104°. 


OAy, 


176°. 



' OMeHj 

O 

OPrHg 

OMeH: 

O 
.CBuHa 

OPrHj 

O 
.OPrH^ 

{OjHn rCBuHa 

O or -^ O 

0,Hh ICBuH, 

Formation, — 1. By the action of sulphuric acid upon the 
CnHj^iHo alcohols. The process may be divided into the two 
following stages : — 

CnHj^iHo + SO^o, = SO,Ho(C„H2^iO) + OH,. 

Alcohol. Snlphoric Sulpho-acid. Water. 

add. 

SO,Ho(C„H^+iO) + C„H^iHo = j O + SO.Ho,. 

Salpho-add. Alcohol. Ether. Sulphuric 

acid. 

2. By converting the C„Il2„+iHo alcohols into sodium or 
potassium compounds, and then acting upon the latter with 
the iodides of the monad alcohol radicals : — 

2C«H2^iHo + Na, = 2C„Hj^iNao + H,. 

AlcohoL Sodic-alcohoL 

fC„H2«+i 

C„H,«+iNao + C„Ha^J = jO + NaT. 

SodioaloohoL Iodide. Ether. Sodic iodide. 

Beaction, — The ethers can be reconverted into the corre- 
sponding alcohols by treating them with sulphuric acid, and then 
distilling with water the sulpho-acid so produced : — 

f C„Ha^i 

^O + 2SO,Ho, = 2SO,Ho(C„H2„+,0) + OH,. 

Ether. Sulphuric add. Sulpho-add. Water. 

SO,Ho(C,H>^iO) + OH, = SO,Ho, + C„Hj^iHo. 

Sulpho-add. Water. Sulphuric add. Alcohol. 
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METHYLIC ETHER, Methylic Oxide. 

CK, 

O or OMe, 

Molecular weight =46. Molecular volume fTl ' 1 l^(f^ of 
metJtifUc ether vapmir weighs 23 criths, Boih at ^21°. 

Freparation. — By heating methylic alcohol with sulphuric 
acid or boracic anhydride : — 



Methylic 
alcohol. 



BulphuTic 
ftcid. 



SO,Ho(CH,0) + 



Sulphonictliylio 
acid. 



CH,C1 
; 
CHXl 




CH,Ho + SO^Ho, = SO,Ho(CH,0) 



Methylic 



Sulphonnsthylic 



Mcthjlio 
etiher. 



Reaction* — Metbylic ether is acted upon by chlorine under 
the influence of light, the hydrogen being displaced atom for 
atom by chlorine. The following compounds are formed : — 

CCl, 



fCHCl, 
CHCl. 



ETHTLIC ETHER, Etkylie Oxide, Ether, SulpJmric Ether. 

fCMeH, 

Jo or OEt,. 

(CMeH, 

Molecular weight =74. Moleeuhr volume I I I . 1 litre of 
ether vapour weighs 37 crtths. Sp. gr. =0'723. Fuses at 
-31°. Boils at 35°-6. 

Preparation. — A mixture of equal volumes of sulphuric acid 
and alcohol is heated to a temperature of from \4SP to 115°, and 



ETHYLIC Ef HEE. 



I 



a constant stream of aJcobol is allowed to flow into the mixture. 
Ether and water distil over together. Two reactions take place 
Beccessively j in the first the alcohol is converted into aulpho- 
vinic acidj and in the second the sulphovinic acid is converted by 
a further qoantity of alcohol into iulphuric acid and ether i— 



EtHo 

AlcoboL 

SO^EtoHo 

Siilpho^nio add. 



BulphuHc acid. 

EtHo 



SO^EtoHo 

Sulphovinic add. 
Ether. 



+ 



OH, 

Water. 



+ SO,Ho,. 

BuJphuric ftcid. 



In this manner the same quantity of sulphuric acid can 
convert an unlimited quantity of alcohol into ether. 

The formation of ether is not due to the simple removal of 
water from two moleculea of alcohol by sulphuric acid. This 
is proved, first, by the sulphuric acid not becoming more 
dilute, and, secondly , by the fact that if snlphamylie acid he 
acted upon by ethylic alcohol, the mtied etliylic amyiic ether ia 
formed : — 



SOAtoHo 

Bulphamjlic slcUL 



+ OAyEt. 

Ethjlio amjlic 
ether. " 



+ EtHo e= SO,Ho^ 

Ethjlit? Sulphuric 

Ricoh ul. add. 

Beactions. — 1, Ethylic ether, when mixed with an equal 
volume of sulphuric acid, produces sulphovinic acid :^ 



OEt, -f 

Ethjlic ether. 



2SO,Ho, 

Sulphuric acid. 



2SO,EtoHo 

StdphoTimo acid. 



+ 



OH, 

Water. 



2. Hot nitric acid converts ethylic ether into carbonicj acetic, 
and oxalic acids. 

3. Exposed to the air, it gradually absorbs oxygen and is 
transformed into acetic acid : — 



CH, 

O 

OH. 



+ O, 



Etlijlie i^iher. 



,fCH, 
' \ COHo 



Acetic acid. 



+ OH, 



Water. 
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ETHTLIC SULPHIDE, Sulphur Ether. 

fCMeH, 

is or SEt,. 

[CMeH, 

Molecular weight =90. Molecular volume QII« 1 Hff^ of 
ethylic sulphide vapour weighs 45 criths. Boils at 73^. 
Freparation, — By adding ethylic chloride to potassic sul- 
phide, and distilling : — 

fCMeH, 
2CMeH,Cl 4- SK, = ^S + 2KC1. 

[CMeH, 

Ethylic chloride. Fotaaaio Ethylic solphide. Potassic 

Bidphide. chloride. 

Reaction. — Ethylic sulphide combines directly with ethylic 
iodide, forming 

Sulphurous triethylo-iodide SEtgl. 

By the action of argentic oxide on this iodide, the corre- 
sponding hydrate may be formed : — 

SEtgl 4- AgHo = SEtgHo -f Agl. 

Sulphurous Areontio Sulphurous Areentic 

tnethylo- hydrate. tnethylo- iodide, 

iodide. hydrate. 

ETHEItS OF THE VINTL AJH) FSENTL SEBIES. 






Of the ethers of the vinyl series, allylic ether, 
alone is known. 

In the phenyl series, phenylic ether, < O , and toluylic 
ether, < O , have been obtained. 

ETHEBS OF THE BIAGID ALCOHOLS. 
Of these the three following are known, but the first only 
bas been carefully studied : — 



ETHERS OF DIACID ALCOHOLS. 

Boiling-points. 

Ethylenic oxide, C,H,0 13°-5. 

Propylenic oxide, CgHgO 35°-0. 

Amylenic oxide, CgHjoO 95°. 
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ETH7LENIC OXIDE, Ethylenic Ether. 



CAO 



= { 



ch: 



:»0. 



Molecular weight =44. Molecular volume 11 1 . 1 litre of 
ethylenic oxide vapova* weighs 22 criths. Boils at 13°'5. 

I^reparatum, — Ethylenic oxide is obtained from glycol by con- 
verting the latter,first into ethylenic chlorhydrate, or chlorhydric 
glycol, by the action of hydrochloric acid, and subsequently 
treating the compound thus formed with potassic hydrate : — 

OH,: 



OaHo 
CH,Ho 

Glycol. 



+ =0. = (g^° 



Hjrdroclilo- 
ricadd. 



Ethylenic 
ohlornydrote. 



+ EHo 

Fotassio 
hydrate. 



-{^ 



Ethylenic 
oxide. . 



Water. 

OH, 

Water. 



+ KCl. 



Potassic 
diloride. 



fCH^Ho 
tCH^Cl 

Ethvlenic 
chlornydrate. 

Isomers. — Ethylenic oxide is isomeric with vinylic alcohol 
and acetic aldehyde. The nature of this isomerism is seen in 
the following formula : — 



jCHbo' 

Vinylic 
alcohol 




Ethjrlenic 
oxide. 




(By-{^y=(o) Acetic aldehyde 
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EeacttofU. — 1. Ethylenic oxide iinites Avitli nascent hydrogen, 
forming alcohol : — 



CH 

ch: 



=0 + H, 



Ethyleoio 
oxide. 



\ CH,Ho- 

Alcohol. 



2. It also imiteB with oxygen, forming gly collie acid: — 



fCH. 

ich: 

Etbjrlenio 
oxide-. 



+ o. 



f CH,.Ho 
t COHo ■ 

Ol.TcoUio 



3. It is a basic substance, and ututes directly with acids : — 

+ Hci = {; 



ozidei 



Hydro- 
chloric 
scid. 



CH Cl 
CH,Ho- 

Ethyienic 



aylt 

cbJornydmte 

or clilofhydric 



4. Ethylenic oxide precipitates many oxides from solutions 
of their saltSj snch aa feme oxide, alnminic oxide, cupric oxide, 
magnesic oxidej <&c, ;— * 

2{g|^0 + MgOl, + 20H, = 2[^^^ + MfiHo, 

Etbykoio Maffntiflic Water. Eth?-]piiie Ma«neaie 

oxide. chloride. chlor&jdmtc hyorkte. 

5. It also comhines directly with water, reproducing gly- 



col; 



Ethylenic 
oiide.^ 



OH, 

Water. 



J CR^Ho 
t CH,Ho" 

OlywL 



These reactions exhibit a great difference between the behfl- 
viour of ethylenic ether and that of ethylic ether. This differenct' 
arises from the fact that in ethylic ether the ethyl atoms are beld 
together by the oxygen only, whereas in etiiylenic ether the link 
ing of the atoms of CH^^ does not depend on the oxygen atom 
alone, as will be seen from the following fomiulee : — 
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Ethylic ether (^VYcV/cV-(^oV(cV( c : 

Ethylenic ether. 



On account of this peculiarity of constitution, ethylenic oxide 
can combine directly with many substances without the dis- 
ruption of its molecule, — a property which obviously cannot 
be possessed by ethylic ether. 




ETHEBS OF THE TBIACID ALCOHOLS. 
Of these only one is known, viz. : — 

GLTCTLIC ETHEB, Glycylic Oxide. 



CH-O-HCl. 




CH,.O.H,C 



Breparatwn. — By the action of potassic hydrate on so-called 
iodhydrin : — 

<; + KHo = KI + OH, + -^ OH-O-HC I . 

'CH, iOH,.0-H,cJ 

CHI 



CH,Ho 



Iodhydrin. Potassio Potassic Water, 
hydrate. iodide. 



Glycylic ether. 
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CHAPTER XXXVI. 

THE HALOID ETHEB& 

Each series of radicals forms its own series of haloid ethers. 
These ethers are produced by the substitution of hydroxyl in 
the alcohols by chlorine, bromine, iodine, fluorine, or cyanogen. 



Haloid Ethers of the Monad FosiUve Badicals. 

As these radicals can only unite with one atom of hydroxyl, 
they can only form one haloid ether. Each series of radicals 
therefore forms one series of haloid ethers : — 

I. Haloid ethers of thp form C^Hgi^iCL 
II. „ „ „ „ C»H2„_iCl. 

III. „ „ „ „ CHH2„_yCl. 



The following will serve as examples of the three series : — 



Propylic iodide . . . 



AUylic iodide 



Phenylic iodide . 



or 
C(C,H,)H,L 



or 
C(CA)"HI. 



or 
CrC3H3)H,T. 
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Halmd Eihers of the Dyad Fositive ^Radicals. 

As the diacid alcohols contain two atoms of hydroxyl, it 
follows that there are two classes of haloid ethers derivable 
from them. The first is formed by the substitution of one of 
the hydroxyl atoms by chlorine, bromine, &c., and the second 
by the like displacement of both atoms of hydroxyl : — 

I. Haloid ethers of the form C„H2„B[oCl. 

II. >, 99 » » C^HarjClj,. 

The following examples wiU suffice to illustrate the consti- 
tution of both these classes of haloid ethers : — 



Chlorhydric glycol or ethy- 
lenic chlorhydrate C^H^HoCl 



or 



Ethylenic dichloride 



tcH^cr 



or 

rcH^ci 




Haloid Ethers of the Triad Positive Radicals. 

There are three classes of haloid ethers which are derived from 
the triacid alcohols, by the successive substitution of the three 
atoms of hydroxyl contained in these alcohols by chlorine, bro- 
mine, &c., — and a fourth class, which stands intermediately 
between the ethers and the haloid ethers, and which is formed by 
the substitution of one of the atoms of hydroxyl in the alcohol 
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by a monad negative radical, such as cUorine, bromine, or 
cyanogen, and the remaining two atoms of hydroxyl by the dyad 
atom of oxygen: — 

I. Haloid ethers of the form Cn^an-iHojCl. 

II. „ „ „ CnHjH-iHoCL,. 

III. „ „ „ CHH2„_lClg. 

IV. „ „ „ aHa^_iOCl. 

The following are examples of each of these classes : — 



rin. -< i 



'CH,Ho 
Chlorhydrin. i OHCl 
CH,Ho 



fCH,Cl 

Dichlorhydrm... < CHHo. 

iCH.Cl 



fOH,Cl 

TricUorhydrin. . < CHCl . 

tCtt,Cl 



Hydrochloric 
glycide or epi 
chlorhydrin 



fOH,Cl 




EALOID UTSUB8 OF THE MONAD POSITIVE 

BAD1CAL8, 
Freparation. — These ethers are produced by the following 
general reactions : — 



HALOID ETHEB9 OF MONAB EADICALS. 
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1. By the action of the hydracida upon tbe alcohols t — 



C^Ha^j+iHo 

AloohoL 



+ HCl = 

HyidPDehlorio 
add' 



H&lold ether. 



OH-, 

Water. 



2. By the action of phosphorona trichloride on the alcohols :— 
aC^Hs^^iHo + PCI, = 3C,H^iCl + POHHo,* 

Alcohol. Phospliorotia Haloid ether. Fhoflpboroui 

tnehloride. acid. 

3. By the action of chlorine on the hydrides of the radi- 
cals i — 



CpHsH+iH 

Hydride* 



+ CL 



c.n^+,ci + HCl 

Haloid ether. 



HfdrDcMoTio 



It is obvious that in these reactions bromine and iodine may 
be used instead of chlorine. 

These reactions apply equally to the C„Hai_i and C^Hj^.^ 
series, 

Por the preparation of the cyajiides of the radicals, two 
special reactions are employed. 

1, The distillation in the dry state of a mixture of the po- 
tassie sulphate of the radical with potassic cyanide : — 

SO,Ko(C„H^+,0) + KCy = SO.Ko, + C.H^^+iCy. 

Cyaidde. 



FotosBic Btilphate of 
the r»di<:^. 



Fotassic 
(^anide. 



Pot^iasic 



2. The fatty acids are converted into ammonium salts and 
distilled with phosphoric anhydride j when the cyanides of the 
positive radicals which they contain are produced t — 

, 4P0.H0. 



J C^Hj,,-!-! 

t CO(N'H,0) 

A mrn nni mn 
Bftlt 



+ 2P,0, 

Phosphoric 
anhydride. 






Cyanide. 



Mctophoflphoric 
mda 



Memtimu,^-!. Treated with alcoholic solution of potash, all 
the haloid ethers of the C^Hj^j series, except the cyanides, are 
reconverted into alcohols :- — 



CnH^.Cl 


+ 


KHo = 


C^Hg^j+iHo 


+ KCl. 


Haloid ether. 




Potaiaio 
hjdrtito. 


MnQhol, 


chloride. 
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2. The cyanides under similar circumstanceB are converted 
into potaasic Balta of the acida which contain the positive radi- 
cal of the cyanide '.-^ 



NH,. 



COKo "+■ 

Fotasaio 
salt 



3. When the iodides are digested with zinc or magnesium, 
the radicals are either liberated or unite with the metal : — 



\ CN'" 


+ KHo + 


OH, 


CjooMe. 


FofcaBBic 
hydrate. 


Water. 



2C„H^+ I 

Iodide, 



+ 2Zn = Zn(C.H^^O, + Znl„ 



Ori^no-ainc 
Dorapouud. 



Zinac 
iodide. 



or 



Iodide. 



Zn 



= { 



Free 
radical. 



+ Znl , 



Zfncic 
iodide. 



4. When the iodides are submitted to the action of sodic 
etbylate, a mixed ether (or a simple ether if 7i=2) is formed : — 



0,H,Nao + C„Hs^+J ^ 



2i»+l 



Sodic 
cthykte. 



Iodide. 



fCJL 
O 

Ether. 



+ Nal, 



5. The haloid ethers are the repreaentativea of the hydracidia 
of mineral chemistry, aud unite directly with ammonia, pro- 
ducing aalts which, when treated with potaaaic hydrate, yield 
compound ammonias containing the haayloua radical of the] 
haloid ether in the place of one atom of hydrogen : — 



AmmoaiEU 



EtI = NH.Etl 

BthTlio 
iodide. 



EthjrlaramoDlo 
iodide. 



NH,EtI + KHo = NEtH, + KI + OH,. 

Ethjioioij^e. Potiwtaio Water. 

iodide. 



EthyJdiamonics 
'itidid«. 



PotA^ic 
hydrate 



CnLOROFOKM- 
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METHTLIC CHLORIDE, 
CH,C1 or Med. 
tMbhcular weight =50' 5. Molecular volume CO. 1 litre of 
metJi^Iic chhrids vapour weigJts 25"25 critlm. Boils o^ — 21°. 

Freparalion. — Bj heating together Bodic cMoride, metkylic 
iftlcoliol, and aulpliuric acid ; — ^ 



SO.Ho, 4- MeHo 

Bulphuriu Methylic 

ocixL alcK>lioL 

SO,MeoHo + NaCl 



SO^MeoHo + 



Sulphoniethylic 
itcid. 



OH,. 

Water- 



Sulphomethjlic 
add. 



Sodic 
chloride. 



MeCl + SO^HoNao. 



Methjlie 
thloridy. 



Hjdrie sodlo 
sulphate. 



Mea^tion. — By the action of chlorine, inethyEc chloride pro- 
ducea three aubstitntion derivative a : — 



BConochlorinated methylic eMoride, CH^Clg. 
BieMorinated „ „ CHCl^. 

Trichlorinated „ „ CCl^, 



Boiling" 
ptiiiits. 

3F 

60^-8 
7^ 



CHLOROFORM, Bicklorimted Methi^lic Chloride. 
CHCI3. 

Molecular weight ^119 '5. Molecular volume CTi - 1 Utre of 
chlorofo rm vapour weighs 69*75 criths. Sp,gr.l'4iS. Boils 
at 60^-8. 

Preparation. — Thia componnd is mannfactured in large 
quantities by heating alcohol with a solution of calcic ebloro- 
hypochlorite {chloride of lime). It may also be made by treat- 
ing methylic alcohol in the same manner. For the reaction 
see p. 250, 

Seactions."*!. Chloroform is transformed into potaseic for- 
mate by boiling with alcoholic potash i — 

CHCl, + 4KHo = CHOKo + 3KC1 + 20H.. 



bydrate^ 






Fotaaaic 
chloride. 



Water. 
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2, When acted upon by chlorine in the presence of simlightj 
the hydrogen is displaced by chlorine, and carbonic tetrachlo- 
ride (CQ^) formed. 



ITHYLIC CELOBrOE* 
C^HjjGl or EtCl. 

Molecular weight =64'5. Molecular mlume iTl . 1 liire of 
eihylic chloride valour weighs 32' 25 criihs, i^. ^r. 0*874. 
Boik at ir-S. 

Preparation^ — Ethylie alcohol is saturated wjth bydroehloric 
acid J and digested in sealed tubes at 100° for one or two hotm, 
when the mixture separates into two layers, the upper one 
being the ethyhe chloride : — 



EtHo 

AlisohoL 



+ HCl = EtCl + 



Hydjfoehlorio 






OH, 

Water 




ETHYLIC IODIDE. 

Cs^HjI or EtI. 

Molecular weight ^156. Molecular volume CD- 1 litre qf 
ethylie iodide vapour weighs 78 eriths, Sp. gr. 1"9464. 
Boih at 72^-2. 

Frq>aration.--Bj placing in a retort two parts by weight of 
alcohol and one of amorphous phoBphorus, and then introducing 
five parts of iodine and distilling in a water-bath : — 



3C,H,Ho + P 

AlcohcL 



+ I, - 3C,HJ + POHHo,. 



Ethjlic 
iodidis. 



Fboepborotta 
add- 
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Reaction* — Ethjlic iodide, when heated with water in a 
sealed tube, producea ether and hjdriodic acid ; — 

'9A 



C,HJ 


+ 


on, - 


Ho 


+ 2HI. 


Ethrlic 
iodido. 




Witcr. 


Ether. 


Hydriodio 
ftdd. 



The methylic and amylic iodides are iimilar liquids, and ob^ 
tained by analogous processes ; the methylic iodide, CHglj has 
a 8p, gr. 2-237, and boils at 42*^0. Amylic iodide, CbH„I, has 
a sp. gr- 1-511, and boils at 146^. 

The haloid compounds of the aMjlic and phenylic series are 
of comparatively little importance. 



HALOID ETHERS OF THE DYAD POSITIVE 
RADICALS, 

I. Maloid ethers of the form C^HshHoCI. 
Preparation, — These ethers are prepared by the action of the 
hydraeids on the glycols. The following will serve as examples 
of this class ; — 

f CH Ho 

Ethylenic chlorhydrate or chlorhydric glycol j cH^Gl ' 

{CH Ho 

Treated with potassic hydrate, both these bodies give ethy- 
lenic oxide, as previously described (p, 277). 

II. Haloid ethers of the form C^Hs^Cl,, 
Preparation, — These ethers are generally formed by the 
direct union of the dyad radicals with the chlorous elements. 
The following list comprises the chief members of this class: — 

BoUmg-pomts. 

Methylenie chloride CH^Cl^ 40^ 

„ iodide '. CH,I, 181° 

Ethylenic chloride C,H,C1, 85=^ 
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BoUing-pointS. 

Ethjlenic bromide C,n,Brj 129° 

„ iodide OJJJ^ ...... 

Propylenic chloride C,H,C1, 103^ 

bromide cX^r, 144*=» 

„ iodide C^B.J^^ ...... 

Butylenic chloride C,H,C1, 127^ 

„ bromide ,... C^K^Bt^ 160P 

Amylenic chloride CgH^^Clj 

„ bromide C,H^„Br^ 175^ 

By the action of potassium, sodium, or ziiie, the radicals are 
again liberated, except in the case of the methylene compounds. 
The bromides are the most important memherB of the series. 



ETHYLEHIC BROmDE, 
C,H,Br, or { gg^g or Et'Br,. 



e^ 



Molecular weight =188. Molecuhr volume I I I . 1 litre 
eth^lenic bromide vapour weighs 94 critks. Sp, gr, 2 '16. 
m^eB at 9°. BmU at 120°, 

^reparation.—^j agitating bromine and water with ethy- 
lene. 

Eeaciions. — 1, Boiled with alcoholic potash it yields brom- 
ethylene or vinyHc bromide i— 
C,H,Br, + EHo = C.H^Br + KBr + OH,. 

Etbjlenic Fotesaio Vinylio bromide IPotaBaic Water. 

bnimlde. hydimte. or bromethyleaci. brotud^. 

2. Heated with an alcoholic solution of potassic acetate, it 
yields monacetie glycol 

J CH.Er 
1 CH Br 



+ 2CMeOK:o + 



Ethjlonio 
brmiiide. 



FotAftBlC 



OH, 

Water. 



= ( 



CH,-0-CMeO 
CH,Ho 

MouHcetic glycol 



CMeOHo 

Acetic 



+ 2K:Br. 



Fotaamo 
bromide^ 
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ETHYLENIC CYANIDE. 



Fuses at Zl"". 



c^c? = °»«*^y'- 



Preparation, — By heating ethylenic bromide with potassic 
cyanide to 100° for sixteen hours : — 

{ci:S + 2CN"'K = {gi:Jgg:] + 2KBr. 

E&ylenio Fotassio Ethylenic Potasaio 

bromide. cyanide. cyanide. bromide. 

Beaction. — When boiled with alpoholic potast, ethylenic 
cyanide yields potassic succinate : — 

Ethylenic Potassic Water. Potassic Ammonia, 

cyanide. hydrate. snooinate. 



HALOID ETHERS OF THE TRIAD POSITIVE 
EADiOALS, 

I. of the form CJl^.i'H.ofil 



Chlorhydrin 



Boiling- 
point. 

fCH,Ho 

CHCl 227°. 

CH,Ho 



fCH^o 
Bromhydrin ... •{ CHBr 180° in vacuo. 

;he form C 

fCH,( 
... -^CHH 



n. Of the form CnHj,_iHdCl,. 

.01 

Dichlorhydrin... -ICHHo 180°. 

— ,C1 



ni. Of the form C„H»._iCl,. 

rCH,Cl 

Trichlorhydrin. . ^ CHCl 155°. 

[CH,C1 
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IV. Of the form CnHa^.iOCl. 



Boiling- 
point. 



[O 



Hydrochloric ( CH^pi 

glycide or epi J CH*^ 118* 

chlorhydrin ... [CHjCl 

Preparation, — The ethers of the first three forms are obtained 
by the action of the hydracids upon glycerin ; whilst those of the 
fourth are produced by the action of alkalies upon the second 
form of compounds. 



CHAPTER XXXVII. 

THE ALDEHYDES. 

These compounds are intermediate between the alcohols 
and the acids. They are formed from alcohols by the abstraction 
of hydrogen ; hence the name, which is an abbreviation of alcohol 
dehydrogenatvm. 

Three series of aldehydes are known, corresponding to the 
three series of monacid alcohols, viz. : — 

A. Aldehydes derived from C„H2,^.iHo alcohols. 

S« » j> )) CnH2n_iH0 „ 

C. „ „ „ CnHan.yHo „ 

Freparation. — 1. The aldehydes are formed by the oxidation 
of the alcohols ; ethylic alcohol, for instance, yields acetic alde- 
hyde : — 

{chIHo + O = {SSk + OH,. 

Ethvlic Acetic Water, 

alconol. aldehyde*. 

2. Aldehydes are also formed by distilling a mixture of equiva- 
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lent quantities of the potassic salt of a fatty acid and of potassic 
formate : — 

{c5ko + {cOKo = {cSk + CO^o.- 

Potassic Potassio Acetic Potassic 

acetate. formate. aldehyde. carbonate. 

This is an important reaction, as by its means the series 
of fatty acids can be ascended; for the aldehyde may next 
be transformed into an alcohol by nascent hydrogen, then the 
alcohol converted into acyanide,whichby treatment with potassic 
hydrate gives the potassic salt of the next higher acid. Thus : — 

fCH, , ^ _ rcH3 

JCOH + ^2 - \CHHo' 

Acetic Ethylic 

aldehyde. alconoL 

{ch'Ho + ®^»°*'» = SO^HoEto + OH,; 

Bthvlio Solphurio Solphoyinio Water, 

aloonol. add. add. 

SO,HoEtb + CN"'K = SO,KoHo + {cN"'^'' 

Sulphoyinic Potassic Hydric potassic Ethylic 

add. cyanide. sulphate. cyanide. 

{%^^ + Kflo + OH, = {%^^ + NH3. 

Eth^lio Potassio Water. Potassic Ammonia, 

cyanide. hydrate. propionate. 

Starting again with potassic propionate, instead of potassic 
acetate, the same series of reactions can be performed, resulting 
in potassic butyrate, and so on. 

Reactions. — 1. By direct absorption of oxygen, the aldehydes 
are transformed into the corresponding acids : — 

COH + ^ - jCOHo • 

Aldehyde. Add. 

2. Also heated with ammoniacal solution of argentic oxide, 
the aldehydes are converted into acids, metallic silver being 
deposited : — 

rC„H2«+i I OA^ _ J CnHan+i , A 

Aldehyde. Argentic oxide. Add. 

3. When heated with potassic hydrate, the aldehydes yield 
the potassic salts of the corresponding acids, with evolution of 
hydrogen : — 

0*1 



29^ 
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COH + ^*^° - (cOKo + ^»- 

Aldehjde. PotaaHio Potaaaic 

hydrate. ialL 

4f. Treated with nascent hydrogen, they are converted into 
the correaponding alcohols : — 

J CMxIan + l _L Tl J ^nHan+l 

Aldfhjde. AloohoL 

5. Moat aJdehydea combine directly witk ammonia, forming 
crystalline compoundB i- — 

COM ^ ^^ ^ t^<^(^'SJ- 

Alduhjde. AmmonuA. AmtnotiJTim 

oompaozid. 

6. Aldehydes also combine with the alkaline hydric sulphiteB, 
producing crystalline compounds :^^ 

Cot"^' + SOKoHo = SOKoHo , 1 2**^+*. 



Aldebyde. 



Hydrie notaaaic 



A. ALDEMYBES BUmVED FMOM THE C„H2»+ilo 
SERIES OF ALCOHOLS. 
The following are known : — 



Fnaiog- 
pouit 



Boiling- 
point 

21*, 



Acetic aldehyde,...,. I ^qJj , , 

Propionic aldehjde . , | ^q^^' or | ^^J^^^'^ — (55^^65^). 

Butyric aldehyde -{coh' ^^ {cok^'^^' (68«-75<*> 

Valeric aldehyde . . . | g^^^ or | ^o H^'^* ' ^'*- 

(Enimthio aldehyde.. I ^g^^ or {iJf^^^"^^^ below -12r 152^ 

Caprio aldehyde...... j^^(5^At)Ha - 2^ 

luodic aldehyde.,..,. i^J^^ia)^..... .., + 7^ 

Dvuric aldehyde ^{§0^"^^^^* » 

Palmitic aldehyde ... (cq^^*"'^^ 52». 



228**? 
213^ 
232*. 
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ACETIC ALBIHTUE, Aldehyde, 

\COH 
Molecular wei§M =44f. Molecular volume t~n . 1 litre of 
aldehyde vapour toei^hs 22 crith^. Sp, ^r. =0*79, Boih 
at 21°'8. 

^Tepa7*ution. — 1. Bj oxidizing alcoliol with chromic acid, 
chloriiie water, or mangaoic oiido and eulphimc acid t — 



J OH, 
tC^,Ho + 



O - 1^^ 
^ ^ |COH 






Acetic 
laldelijde. 



+ OK. 



Water. 



'^ - \ COHo 



2. By oxidation, casein, fibrin, and albumen slm yield aJde^ 
bjde. 

3. Aldehyde is forraed when the vapour of alcohol or ether 
is paaeed through a tube heated to dull redness, 

B€<wtiom^—l^ It graduaUj absorbs oiygen from the air, 
forming acetic acid, into whicb it is also readily converted by 
oxidizing agents : — 

\COH 

Aeetia Acciio 

ftldebydc. add. 

2. It reduces silver Baits, depositing lustrous metallic silver 
on the Bides of the vesseL 

3. When submitted to the action of potaaaium, one atom of 
hydrogen is Qubstituted by an atom of the metal, the compound 

ICOK 
being formed. 

4. Hydrocyanic acid transforms aldehyde into alanin : — 



tCOH 

Ac**tia 
(ddebjde. 



Hydronrfcme 
ada. 



+ OH, = 



Wfct«r, 



r CMeHHiy 
tGO(iN-H,)- 

Alanin. 
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By tlie action of nitrous anhydride, alanin is converted into 
lactic acid : — 

,. f CMeHHo ^ jffci - 2 J CMeHHo o^ q^ 
^ t CO(N"'H,) + ^«^3 - ^ I cOHo + ^^^ + ^^«- 

Aliuun. Nitrons Lactic add. Water, 

anhydride. 

There are three isomeric modifications of aldehyde : — 
Metaldehyde, crystalline, subliming at 120°. 
Faraldehyde, liquid, boiling at 125°. 
Elaldehyde, crystalline, fusing at 2°, boiling at 94°. 



B. ALDUHTBJES DEBTFED FROM TRIE CnHjH,-iHo 
ALCOHOLS. 

ACBOLEIN. Acrylic Aldehyde. 

j CMe"H 
ICOH • 

Molecular weiyht =66. Molecular volume n~l » 1 litre of 
acrolein vapour weiyhs 28 criihs. Boils at 52°*4. 
Preparation. — 1. By the action of phosphoric anhydride or 
of sulphuric acid on glycerin : — 

{O^: - .OH. . (-H 

Glycerin. Water. Acrolein. 

2. By the oxidation of ally lie alcohol : — 

fCMe"H , o _ fCMe"H , q_ 
tCH,Ho + " - JCOH + °^- 

Allj^io Acrolein. Water, 

alcohol. 

3. By the action of heat on the product of the union of ace- 
tone with bromine : — 

fCOMe . -R^ rCMeBr, 

Acetone. 

fCMeBr, fCMe"H , „„tj 

Acrolein. Hydrobromio 

add. 
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SeacHon. — By oxidation, acrolein yields acrylic acid : — 

fCMe"H , n _ fC3Ie"H 
tCOH + " - jcOHo • 

Acroleiii. Acrylic add. 

Cr^ALDEHTDES DEBITED FROM TSE C«H*,_7Ho 
AZCOSOLS. 

•C(C,H3)H, J^t 



Benzoic aldehyde.. 
Cuminic aldehyde 



COH 



BENZOIC ALDEHTDE, Oil of Bitter Almonds, Rydride of 
Benzoyl. 

fC(CH3)H3 
ICOH 
Molecular weigJit =106. Molecular volume I I 1 . 1 litre of 
benzoic aldehyde vapour weighs 53 criths, Sp. gr. 1*04:3. 
Boils at 180°. 
Preparation,—!. By the oxidation of amygdalin by nitric 
add, and by the action of a mixture of manganic oxide and sul- 
phuric acid on albumen, fibrin, casein, and gelatin. 

2. By digesting bitter almonds with water for five or six 
hours at 30°-40P. The synaptase present acts as a ferment on 
the amygdalin, converting it into glucose, benzoic aldehyde, and 
hydrocyanic acid : — 

C„H„N0„+2OH,= {gjj%^)^«+CN"'H+2C.H„0, 

Amygdalin. Water. Benzoic Hydrocyanic Glucose, 

aldehyde. acid. 

Beactions. — 1. When exposed to the air, benzoic aldehyde 
absorbs oxygen and is converted into benzoic acid : — 

\COH + u - |cOHo 

Benzoic aldehyde. Benzoic add. 

2. Heated with solid potassic hydrate, it gives hydrogen and 
potassic benzoate : — 

Benzoic Potassic Potassic 

aldehyde. hydrate. benxotAA. 
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CHAPTER XXXVm. 



THE ACIDS. 

The acids form the most nnmerous fiimilj of organic com- 
pounds. 

Many of them are contained in plants in the free state, or 
in combination as metallic or ethereal salts. 

Others are produced by the action of chemical agents on 
organic matters. 

Some are formed in the animal organism, as, for instance, 
formic, paralactic, oleic, and stearic acids. 

The organic acids are divided into three great classes, accord- 
ing to their basicity. 

1. Monobasic acids. 

2. Dibasic acids. 
8. Tribasic acids. 

The basicifcy of organic acids is determined by the following 
simple law : — an organic acid containing n atoms of oxatyl ii 
n- basic, 

MONOBASIC ACIDS. 

The monobasic acids, which always contain a single atom of 
oiatyl (COHo), include the six following series : — 



1. 

2. 
4. 


Acetic or fatly series 

Acrylic or oleic series ' 

Lactic series 

Pyruvic sorios 


Jieral formole. 
CnHjn+l 

COHo • 
(C(C3.)"(C.H»..) 

rco(C.H»^,) 


5. 


(Uvoxylic series 


COHo 

^C(CH^OHo, 
COHo 



(I Hon«oio or aromatic series | S^^**"^^^» 

I COHo 
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The lat, 2nd, 3rdj 5tb, and Bth of these series may be regarded 
as the derivativea from corresponding eeries of alcohols. 

1* The Acetic aeries from the Methyl seriea of alcohola. 
2, „ AcryHc „ „ AUyl 

8. „ Lactic „ „ Ethylene „ „ 

6. „ GlyoxyKc „ „ Gllycerin „ „ 

6. „ Benzoic „ j, Benzoic „ „ 

The acida of the first, secondj fourth, and sixth aeriea are 
termed monoh^dric as well as monohasic ; whilst the acids of 
the third series are termed dih^dric and monobasic, indicating 
their origin from the diacid alcohols, and that they contain 
two atoms of hydroxylj one of which is in the oxatyl, and the 
other in the positive part of the compound. The hydrogen of 
the latter hydroxy] may be displaced by very poiitive metals, in 
ihe same manner as the hydrogen of the hydroiyl in alcohols ; 
bnt it cannot he displaced by double decomposition with hase^ 
in the same maimer as the hydrogen in the oiatyl may he snb- 
Btitnted. 

The acida of the fifth aeries are termed irihydrie and mono- 
basic, indicating that they are derived from the triacid alcohols, 
and that they contain, besides the hydroxyl in the oxatyl, two 
other atoms of hydroxyl in the positive part of the compound. 



1. ACETIC OR FATTY BEEIE8 OF ACIBS, 

General formula ... { ^Q^g^'^ 

These acids may be conveniently arranged under three divi- 
sions, viz. : — 

A. formal acids. 

General formula ,., I qq^"^^'^^^- 



B. Secondary acids. 

General formula 



{^L^A.+i),H 



COHo 



o5 
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C. Tertiary acids. 

General formula ... {cOH^**"^'^' 



A. NOlEtMAL ACIDS OF TJBEE ACETIG OB FATTY 
SERIES. 

General formula . . . | coh?"^'^^'- 

In formic acid, which is generally considered to be the first 
term of this division, the radical C(CnHa^.i)Hj is replaced by 
H ; and in acetic acid the value of n=0. The following is a 
list of the normal fatty acids : — 



Fusing- BoiUng- 
it Doint 



141°. 
161°. 



pomi. point 

Formicacid : I COHo ■'"^° ^^°' 

-'^««ti«'«=id (g;^Ho «'(cOHo +17° 117°. 

Propionicaeid.{g^^H,^^|C(Ce,)H, _ 

^''^-i-eid {gSS'-{ggfe!'^^-- — 175». 

Caproic acid ... { gglg» or ( g(p^^,)H, ^^^ ^^^ 

(Enanthylicacid{g^^H»or{g(f^^")H.... 212°. 

CapryUc acid . . . j gg^' or { gJJ^^^"'^^' • + 1*°- 236°. 

Pelargonic acid Icoi^"^'^*-- +^8"? 260°. 
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Foiing* 
point 



Capricacid {00^""*°' 27''-2(30°). 

Lauricacid (cOH?"^^* *^°'^- 

Myristicacid {cOH?'''^^' ^^'^■ 

Palmiticacid {cOH?"'^^' ^^°- 

Margaxicacid IcOH?"^^' ^^'^^ 

Stearicacid {cOH^''^^' ^®°'^- 

Arachidic acid IcOH?"^^' ^^''• 

Behenicacid {cOhJ?"^^' ^^''• 



Ceroticacid {cOH?"^^' ^^°- 



Melissicacid fcOH?"^^ ^^° 



aoo 
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Occurrence. — The greater nnmber of the acids of this series 
are met with ready formed in nature, some in the free state, as 
formic acid in ants and nettles, raleric acid in the valerian 
root, pelargonic acid in the essential oil of the Pelargonium 
roieumy and cerotic acid in bees- wax. 

Others are met with as the ethereal salts of monacid alcohols. 
Thus spermaceti is cetylic palmitate, and Chinese wax cerylic 
cerotate. 

A large number exist as natural fats in the form of the 
ethereal salts of glycerin : this is the case with butyric, pal- 
mitic, and stearic acids, which, iinited with glycerin, form 
respectively butyrin, palmitin, and stearin. 

Formation. — 1. By the oxidation of the normal alcohols of 
the methyl series, as in the conversion of alcohol into acetic 
acid by heating it with a solution of chromic acid : — 






O. = 



_ JCH, 



ic^Ho + 0=.- 



AkohoL 



Aeetio 



WaUr. 



2. By the action of alkalies or acids upon the cyanides of 
the CnHa,+i series of radicals : — 



\CN"' 

Cyanide. 



+ KHo + OH, = 



Potassic 
hydrate. 



Water. 



COKo 

Fotaasio 
salt. 



+ NH,; 



Ammonia. 



and 



C„H,^4i 

CN'" 

Cyanide. 



+ HCl + 

Hydrochloric 

acid. 



20^ = (cohS^ 



+ NH.Cl. 



Water. 



Acid. 



Ammonio 
diloride. 



Instances of these reactions are seen in the treatment of 
ethylic cyanide by a boiling solution of potassic hydrate, when 
it is converted into potassic propionate, ammonia being evolved, 
thus — 
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f CMeH, 

Ethylic 



+ KHo + 

Potaasio 
hydrate ■ 



Q„ _ fCMeH, 



+ NH, 



Water. 



Potaasi? 
pTDpiuHflrte* 



Arnmomn, 



and in the converaion of etbylic cjamde, by the action of hydro- 
chloric acid, into aramonic chloride and propionic acid— 



+ HCi + 2OH3 = 



Hydroohloric 
acid. 



Water. 



fCMeH. , 
t COHo + 



f CMeH, 

Eth3rlic 
cyanide. 

3. By the action of the potasaium or sodium compoimd of the 
C„IIjft^,i radicals upon carboaic anhydride — 



Propionio 
Add. 



NH.CL 

Ammonia 

cMoride. 



CO, + 

Cftfbonio 
anhydride. 



r fl" ISTft — J ^^^^Sn+l 



Bodmm 
coin|}oiind. 



Sodig 

ealL 



CO, + 



CMeH^Na = 

Bodio etihide. 



Sodic 
propioi&Ate. 



+ o - 



1 COHo ' 

AeJd. 



a a, for example, in the formation of aodic propionate by the ab- 
sorption of carbonic anhydride hy sodic ethide : — 

J CMeH, 
\ CONao- 

Carbonic 
anhydride. 

4. By the oxidation of aldehydes- 
tCOH 

Aldehyde. 

as in the conversion of atretic aldehyde into acetic acid by 
the absorption of atinospberic oxygen : — 

look + ^ == {coko- 

Aeetic Aeefcic 

aldthyde. ^d- 

Besides these reactions of general applicatioUj there are 
numerous special methods for the production of certain mem- 
bers of this series. In most of these methods^ however, the 
reactions cannot he clearly traced. 

Thns, by the oxidation of albumen, fibrin, casein, and other 
similar substances, there are produced formic, acetic, propi- 
onic, butyric, yaleric, and caproic acids. 
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Propionic and butyric acids are produced in some kinds bf 
fermentation ; and acetic acid is obtained by the destructive 
distillation of wood and other similar substances. 

Belations of the I^ormal Fatty Acids to the C»H2n+i Series of 
Sadicals, 

1. When these acids are submitted to the action of nascent 
oxygen evolved by electrolysis, the negative radical oxatyl is 
converted into carbonic anhydride and water, the positive 
radical being set at liberty : — 

2(cOHo" + = {cS::\ + 2C0, + OH,. 

Acid. Fositiye Carbonic Water. 

radical anhydride. 

On electrolyzing a solution of potassic valerate, hydric po- 
tassic carbonate and the normal radical butyl are formed : — 

2{c*^o + OH, + O = {%^ + 2COHoKo. 

Fotaasio Water. Butyl Hydric potaado 

Talerate. carbonate. 

2. A\Tien the ammonic salts of these acids are heated vnth 
phosphoric anhydride, they are converted into cyanides of the 
radicals of the CnHgn^ i series — 

(cfeo) +. ^I'A = {g-=?;- + 4PO^o, 

Ammonic salt. Phosphoric Cyanide. Meti^hosphoric 

anhydride. acid. 

as in the transformation of ammonic acetate into methylic 
cyanide by distillation with phosphoric anhydride : — 

{C0(N^H,0) + 2PA = {g^» + 4PO^o. 

Ammonic Phosphoric Methjlio Metaphosphorio 

acetate. anhydride. cyamde. add. >^_^- 

These cyanides are converted into normal monacid alcohols 
by Mendius's reaction (see p. 248). 

From the alcohols so obtained, the Cn^2n+i radicals are iso- 
lated as described at page 246. 
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delations of the Normal Fatty Acids to the CnHan+iB!o Series of 

Alcohols, 

1. By oxidation the normal alcohols yield these acids, as above 
shown. 

2. Conversely, the normal fatty acids can be converted into 
the normal CnH2«+iHo alcohols, — 

1st, by Mendius's reaction (see p. 248) ; 

2nd, by Piria and Wurtz's reactions, viz. : — 

Distillation of the potassic salt of the fatty acid with an 

equivalent quantity of potassic formate, by which the acid is 

converted into the aldehyde — 

{c-^Ko^' + {SoKo = {cOh" + COKo,, 

Potassio Potassio Aldehyde. Potassic 

salt formate. carbonate. 

and subsequent treatment of the aldehyde by nascent hy- 
drogen — 

{CnH2n+l _i_ TT — J ^nH.2n+l 
COH + ^« - \CH,Ho- 

Aldehyde. Normal 

alcohol. 

delations of the Normal Fatty Acids to each other. Ascent of 
the Series. 
If the hydrogen constituting the positive part of formic acid 
were substituted successively by methyl, ethyl, &c., the whole 
series of normal fatty acids would be obtained : — 

r H 

Pormicacid { COHo' 

Acetic acid {cOHo' 

{C H 
cbHo- 

Butyric acid (§& 

This substitution has not yet been accomplished; but an 
analogous series of reactions has been effected with acetic acid. 
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By the action of sodium on acetic ether, one of the hydrogen, 
atoms in the positive part of the compound becomes substituted 
by sodium, producing 

Monosodacetic ether {n^to' 

By acting on this body with the iodides of the CnHi»+i 
radicals, ethylic salts of the higher acids are produced. 

On submitting monosodacetic ether to the action of methylic 
iodide, for instance, propionic ether is formed — 

\COEto + ^^»^ \COEto + ^^' 

MowwodaoelieJ Meth^o Pnmtonic Sodic 

ether. iodide. euer. iodide. 

and by the action of ethylic iodide, butyric ether is produced — 

XowModaMtic Bthrlie Butyric Sodic 

ether. iodide. ether. iodide. 



FOSmC ACID. 

Molfculmr weight =46. Molecular volume fTl ' 1 ^*^^^ ^f 
Jormic acid vapour weighs 23 criths. Sp.gr, 1*2358. Fuses 
aire. Boils at 10(f C. 

Occurrence, — If red ants be made to pass over blue litmus- 
paper and be at the same time irritated, they leave a red streak 
behind them, produced by the formic acid which they eject. 
By placing the hand on an ant-hill, a tingling sensation is felt 
firom the same cause, and the hand acquires the powerfiil and 
pleasant odour of formic acid. 

Formic acid also occurs in the hairs of certain caterpillars, 
and in the sting of nettles. 

Fonmation, — 1. Formic acid is produced in a very large num- 
ber of chemical reactions, as in the oxidation of many organic 
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matters (such as starch, woody fibre, or tartaric acid) by a mix- 
ture of sulphuric acid and manganic oxide, or by potassic hy- 
drate or chromic acid. 

2. By the action of potassic hydrate on chloroform, potassic 
formate is generated : — 

CHCl, + 4KHo = CHOKo + 3KC1 > 20H,. 

Chloroform. Fotasaio Fotasrio Fotaaaio Water, 

hydrate. formate. chloride. 

8. By the oxidation of methylic alcohol : — 

{5h,Ho + 0, = {goHo + OH.. 

Methylic Formic Water. 

alcohoL add. 

4. By heating equal weights of dry oxalic acid and glycerin 
together to 75° C, when the oxalic acid splits into formic acid 
and carbonic anhydride : — 

fCOHo _ fH . c^ 

Oxalic Formic Carbonic 

acid. acid. anhydride. 

6. By digesting together at 100°, for forty-eight hours,potassic 
hydrate and carbonic oxide : — 



KHo 


+ CO = 


1^ 

1 COKo- 


Potaasic 
hydrate. 


Carbonic 
oxide. 


Fotassic 
formate. 



Formic acid from any of these sources is obtained in the 
concentrated state by decomposing plumbic formate with sul- 
phuretted hydrogen, and afterwards rectifying the acid over 
plumbic formate : — 



ggpbo" + SH, = 2{§oh/+ PbS". 

Flumbic Sulphuretted Formic Flumbic 

formate. hydrogen. add. sulphide. 
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Character, — ITben Lestied viik OGoeentnted snlphiiric acid, 
fonnic acid splits into water aaad caibonie oxide : — 

{ioHo = CO + OH. 

Formie CkrtKHDc Water. 



Chlorine cooTerte formic acid into hydrochloric acid and ca^ 
bonic anhydride : — 

{2oHo + CI, = ma + CO.. 

Formio Hjdraeblorie Carbouio 

acid. mmL aahydride. 

When heated with excess of mercoric oxide, it is converted 
into carbonic anhydride and water, the mercury being reduced 
to the metallic state : — 

{oOHo + HgO = CO. + Hg + OH,. 

Formio Mercurio Caibonie Water, 

add. oxide. aohydnde. 



ACETIC ACID. 

/CH3 
iCOHo- 
Mohcular weight =60. Moledubar' volume \ I \ , 1 litre of 
acttio acid vapour weighs 30 criths, 8p. gr. 1*064. THues 
af 4-17°. Boils at lir, 
(hH>urrrnce. — Found in small quantities in the juices of 
pUntH aud in animal fluids. 

Mtm^fitcture, — I. By the destructive distillation of wood, 
A \\\\\\\\\ \H obtained which contains acetic acid ; the acid is pu- 
rirtod by boiuj; oo!iverted first into a calcic, and then into a 
♦^hUo wvU, tho latter being afterwards decomposed by sulphuric 

i). Hy tho oxidation of ethylic alcohol : — 

{olhlo + O. = {gg,^^ + OH, 

KiWlio Acetio Water. 

McoAol. aoid. 
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Preparation, — Pure acetic acid may be obtained by distilling 
potassic diacetate : — 

fCH3 fOH3 _ fCH3 , rCH, 

\COKo' tCOHo "• tCOKo + \COHo- 

Fotassio diaoetate. Potato Acetic 

acetate. add. 

Character. — Chlorine acts on acetic acid in sunlight, pro- 
ducing three chlorinated acids, in which chlorine is substituted 
for hydrogen: — 

{oobo + CI, = {gg|g + HCl. 

Acetic Monochloracetic Hydrochlorio 

add. add. add. 

fOH,Cl , p, _ fCHCl, . HP, 
tOofao + C^' - jCOHo + ^^^- 

Monochloracetic Dichloracetic Hydrochloric 

acid. acid. add. 

{^Si + Cl. - (gg'fc + HC. 

Dichloracetic Trichloracetic Hydrochloric 

add. add. acid. 

The salts of acetic acid in which the hydrogen of the oxatyl 
is replaced by monad metals have the general formula 

;cH3 

\COMo- 

The acetates of the dyad metals have the constitution repre- 
sented by the following general formula : — 

C0!0„,, i^^^ OMeO-0„„ 
.CO-O^ o^ \^^^^ - CMeO-0^ • 

By the action of phosphorous trichloride, acetic acid yields 
acetylic chloride: — 

^{oobo .+ ^Cl. =3{gg.ci + POHHo,. 

Acetic Phosphorous Aoet^lio Phosphorous 

add. triduoride. chloride. add. 
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FBOFIONIC ACID, MetKaeetie Acid. 

fCMeH, 
\ OOHo • 

Molecular weight = 74. Molecular volume I 1 1 1 litre of pro- 
pionic acid vapour weighs 37 criths. JBoils at 141^. 

Preparation, — 1. By the oxidaidon of metacetone— a liquid 
obtained by the distillation of a mixture of sugar and lime. 

2. By the action of concentrated solution of potassic hydrate 
on sugar. 

3. By the fermentation of glycerin, and also of sugar, by 
means of putrid cheese in the presence of calcic carbonate. 

4. By the action of potassic hydrate or hydrochloric acid on 
ethylic cyanide (see p. 300). 

5. By the action of carbonic anhydride on sodic ethide 
(see p. 301). 

6. By the action of hydriodic acid on lactic acid : — 
rOMeHHo . oTTT - JOMeH, . qtt . t 

Lactio Hydriodio Propionic Wftter. 

aoid. add. aoid. 

7. By the action of methylic iodide on sodacetic ether (see 
page 304). 



BUTYRIC ACID, Ethacetic Acid. 

f OEtH, 
tCOHo- 

Molecular weight =88. Molecular volume I I I . 1 litre of 
butyric acid vapour weighs 44 criths. 8p. gr, 0*9886. 
louses below -20°. JBoils at 161° C. 
Occurrence, — In butter, juice of flesh, perspiration, and many 
animal secretions. 

Preparation. — 1. By the fermentation of sugar with putrid 
cheese. 



ISOMERS 0¥ VALERIC ACID. 



809 



2. By the action of ethylic iodide on sodacetic ether (for 
reaction, see page 304). 



YALEEIC ACID, Valerianic Acid. 

t COHo- 
Molecular weight =102. Molecular volume I I i . 1 litre of 
valeric acid va^ov/r weighs 51 criths. Sp. gr, 0*937. Boils 
at 175°. 
Occurrence, — ^In many plants, as in the roots of valerian and 
angelica. 

Freparation, — By the oxidation of amylic alcohol with a mix- 
ture of sulphuric acid and dipotassic dichromate : — 

{§^'=- + O. = {g<S^)^ + OH, 



Amylio 
alconoL 



Valeric 
add. 



Water. 



Isomeric forms. — There are four possible isomers of valeric 
acid: — 

Normal valeric acid or f OPrH,^^ f CH,(CH,[CH,(CH3)]) 
propylacetic acid ... 1 COHo \ COHo 

0® © (9 

1 [ ■ ■ 




©0® 




^Pr.p,U»«.^d ...{gSi^orfSif^OHJJ, 
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M.«,«b«»«.«,d ..{g^?=»{SS™->t°°-««-B. 




TrimMl»«tic «aa { g^„ «r {g^-. 




Of these, the normal, the j3 propylacetic, and the trimetha- 
cetic acid are known. 



B. SECONDARY FATTY ACIDS. 

General formula... { Sf^H?*^'^'^- 

Formation, — By the action of the iodides of the C„H,,^, 
radicals on disodacetic ether, the ethereal salts of these acids 
are produced. 
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DIMETHACETIC ACID, or Isohutyrie Acid, 

( CMe^H 
t OOHo • 

Molecular weight =88. Molecular volume 11 L 1 litre of 
dimethaeetic add vapov/r weighs 44 criths. Boils at 152°. 
Isomeric with butyric or ethacetic add. 

Preparation. — ^As a potassic salt, by the action of methylic 
iodide on disodacetic ether and the subsequent decomposition, by 
alcoholic solution of potash, of the ethereal salt so formed : — 

Disodacetio ICethylio Dimethaeetic Sodic 

ether. iodide. ether. iodide. 

[^S + ™° - [^£ * ^=«- 

Dimethaeetic Potassic Potassic Alcohol, 

ether. hydrate. dimethacetate. 

{Q-pii. ■g' 
COric) ^®^^®™ "^^^ caproic acid, and 

diamylacetie add, j qc^q > isomeric with lauric acid, have been 

prepared by the substitution of ethylic and amylic iodides in 
the above reaction. 



C. TUBTIABT FATTT ACIDS. 

General formula... | q^^"^'^'^ 

Formation. — ^As ethereal salts, by the action of the iodides 
of the CnHsM+i radicals on trisodacetic ether. 
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TBDDSTHACETIC ACID. 

fCMe, 
1 COHo- 

Molecular weight =102. Molecular volume m . 1 U^e rf 
trimethacetic acid vc^our weighs 51 criihs. Isomeric wiik 
valerianic acid. 
Eor the graphic formula of trimethacetic acid see p. 310. 
Preparation, — ^As an ethereal salt, by the action of methjlic 
iodide on trisodacetic ether : — 

{gS^to + «^^I = fcOEto + SNal 

Triaodaoetio Methylio Trimethacetio Sodio 

ether. iodide. ether. iodide. 



CHAPTER XXXIX. 

THE ACIDS. 

2. ACRYLIC OR OLEIC SERIES OF ACIDS. 

Q-eneral formula of normal and f C(C„H2„)"(C«Hj^i) 
secondary acids \ COHo 

This series is divided into normal, secondary, and olefine 
acids. In the normal acid w=0 ; in the secondary it must be 
a positive integer. 

Most of the normal acids exist as glycerin ethers in 
natural fats and oils. 

The following is a list of the acrylic series of acids :— 

A. NORMAL ACIDS. 

^'^^ {Z'Si^ « {gs,y. 

''•^"'^ {gs " {%^l^'^- 

^-•^ (SS «' {gS^"= 
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Pyroterebic acid ( COHo '''' j COHo ' 

Damaluric acid C^Hj^O^. 

Damolic acid ^is^ai^a- 

Moringicacid 1 ^.^H^O 

Cimicic acid J 

Physetoleic acid ^ 

HypogSBic acid I CjeHg.O,. 

Gai'dic acid J 

Oleicacid {cS'rfS'^"''- 

Elaidicacid (^is^bA- 

DoegUcacid C,,B:^fl^. 

Brassic acid. (Erucic \ n tt n 

acid.) 1 ^-^-^^• 

B. SEGONDABT ACIDS. 
MethacryUeacid {g^^^Me „^ |C(CHJ"(CH, 

Methylcrotonicacid jgg^f or {§1,%?^) 

Ethylcrotonicacid (gg^gf or ( g^^^ (^'""•>. 

C. OLEFINE ACIDS. 

fCMe"H rC(CH^)"H 

/3 Crotonic acid \ CH. or \ CH, 

ICOHo ICOHo 

JEhrmation of Normal Aeids. — 1. By the oxidation of the 
alcohols of the vinyl or C„Hj„_iHo series : — 

C(C„Ha,)"H ^ Qjj 



{ 



tCH,Ho + "» - \COHo 

.AIoohoL Acid. Water. 

2. By the oxidation of the aldehydes of the acrolein or 



C(C„H8„)"H 

OOH series :- 



JCOH + " - IcOHo 

Aldehyde. Acid. 



^ 
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Formation of Secondary Aeidg, — E j tte action of the phofi- ' 
phorua chlorides or of phosptioric anbydride upon the ethereal ' 
Halts of secondai^ acida of the lactic aeries, the elements of ' 
water are removed and the ethereal salts of the acrylic secoa- 
(Ut'V divisioiL of acids produced ; — 

.JCfC„H^O=Ho , pp. _ 3fC(C.H^)"(aH^+.) 



Ethere&l salt of 
the l&ctic ieri«a. 



FhofiphoFoOfi 



aovpt 
:rtcnli 



trtcnlortde. 



Etbereal wit of 
the Qcrylic I 



+ POHHo, + 3HC1. 



Phcwphorous 

JkCid. 



Hydrocklo- 



Format wn of Olefine Acid^,—3j the action of potaasic 
hydrate upon the cyanides of the C„H2,i_i family of radicals: — 



CMo'H 

AlljrUo cjAnidtf. 



rCMe"H 
KHo + OH, = J CH, + 
ICOKo 



Potasiic 
hydrate. 



Potiiaaic 
^ crotoRAte, 



NH.. 



ijiuiiOQia. 



Melatiom of the Jj^r^lic to the Acetic Series of Adda. 

The normal and secondary acids of the acrylic series, when 
treated with fiised potassic hydrate, yield the potassic salts 
of two normal acida of the acetic series :— 



fC(C„HO"(C™H^i) 
tCOHo 



+ 2KHo 



Aotd of the Ktrjlio ««riea. 



BjdrateL 



= { 



C(C„H3„^.,)H 
COKo 

Pot&B»io fljUt of acid 
of the aoetjo Bcriea. 



+ 



tCOKo 

PotaHsie salt of acid 
Ckf the acetic fteriea. 



All the members of the acrylic series found in nature give j 
acetic acid as one of the acids produced in thia reaction. 
From tHa and other considerations it is believed that their I 
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baayloua radicals all eoutain one atom of hydrogen and a dyad 
radical They are normal acids ; and by the action of fused 
potaasie hydrate the dyad radical becomes aubatitnted by two 
atoms of liydTogetL. Thus : — 



\ COHo 

AaryUa acid, 

r CEt."H 
I COHo 

Crotonic 
BjcidL 



+ 2k:ho = 



Potasftie 



-f 2KHo = 

Potaeaic 



J CPr^'H 
ICOHo 

Angf^liR 
acid. 



+ 2KHo = 



Potagsic 

hydrate. 



(CH, 
tcOKo 

Potasaio 

fCH, 

[COKo 

Fofcasaio 

ICH3 
1 COKo 

Potaflsic 



\COKo 

Pobasdic 
formate. 

\ COKo 

Potaiflio 
acetate. 



+ H. 



+ H, 



+ H, 



f CMeH, 
t COKo 

PotBSBlC 

propionate. 

Some of the secondary acids also giye acetic acid when treated 
with fused x^Jotaasic hydrate ; but this can only happen when the 
dyad radical is ethylene, thus ;— 



J CMo'He 
\ COHo 

Methacrylio 
ELcid. 

f CEt"Mo 
\COHo 

Mrthylcfo- 

f CEf'Et 
\ COHo 

EtTiylero- 
ionic acid. 



+ 2k:ho = 

Pat&saJc 
hydrate. 

+ 2e:ho = 

Potaaaic 
hydrate, 

+ 2KHo =5 

PotaBBic 
hydrate. 



f CMeH, 
t COKo' 

Potjuisic 
pro^jionatf*, 

J CMeH, 
\COKo 

Potaaaic 

protJtonate. 

CEtH, 

COKo 

Pcitaasic 
butyratu. 



{S 



+ 



+ 



COKo 

Potasaic 
furmaty. 

jCOKo 

Potafifiic 
acetat*!. 

[ COKo 

Potaaaic 
acetate. 



+ H, 



+ K. 



r„ + H, 



ACRTLIC ACm 

f CMe'H 
iCOHo • 

Molecular weigM =72. Both at about 100°. 

Fr^aration. — By the oxidatiou of acrolein with argentic ox- 
ide :^ — 

■ CMe"H 
COH 

AcroI«ia. Argentle oxide. Acryll<} ttcid. 



+ OAg, 



_ r CMe"H 
- iCOHo 



Ag,. 



316 



THE ACIBS. 



Seactiom. — 1. Acrylic acid, under the influence of luucent 
bvdrogen, produces propionie acid : — 

fOIe'H , TT „ fCMeH, 
\ COHo + ^.. - \ COHo ■ 

kvir wMtt Aioid. Propionic 

' wad. 

$. Acrylic acid also combines directly with bromine, pro- 
ducing dibromopropionic acid. 



OLEIC ACID. 

t COHo 

PrtfporaiwMi. — Obtained in the purification of stearic acid. 
Reaction. — Heated with potaasic hydrate, it gives potassic 
acetate and palmitate-. — 

C(C,,H^)H „ 
COKo + ^** 



COHo 

Okie acid. 



2KEa={gJfc„+{ 



Fotftsnc 
}ijdimt& 



Potaasic 
Acetate^ 



« 



CHAPTER XL, 

THE ACIDS, 



3. L ACTIO SMEIES OF ACIDS. 

General formnla of normal and secondary acids ;— 

I COHo 

In the normal acida m in this formula =0 ; but in the secon- 
<l!iry acids it must be a positive integer. 

The members of the lactic series may be defined as acida 
fHvniaijiiug one atom of oxatyl, the fourth bond of the carbon 
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of which is united with the carbon of a basylous group, con- 
taining one atom, and one only, of hydroxyl, or of the peroxide 
of a monad radical, either alcoholic or acid. The following 
examples will serve to illustrate this definition : — 




The acids of this series at present known, or which could 
be obtained by obvious processes, are classified into the fol- 
lowing eight divisions : — 

1. Normal Acids. 

2. Etheric Normal Acids. 

3. Secondary Acids. 

4. Etheric Secondary Acids. 
6. Normal define Acids. 

6. Etheric Normal define Acids. 

7. Secondary Olefine Acids. 

8. Etheric Secondary Olefine Acids. 



1st. Normal Acids, — A normal acid of the lactic series may 
be defined as one in which an atom of carbon is united with 
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osslyl, bjdrcMEf 1^ md si IcMt one Utom of hrdrogeu. The 
•general formtda of tiieae icida is thenftore 

JG^BHHo 
iCOHo - 

-^ _ _ 

In this formula fi may l>e either liydrogen or any moimi 

alcohol ra«iieal ; and the number of acids possessing the same 

atomic weight, and belonging to this dirision, is determined by 

the number of isomeric modifications of which the alcohol 

radical is susceptible, Thus^ofthe acids containing two, three, 

or four atoms of carbon, there csa be onlj one of each belong- 

iiLg to this division, because these acids cannot contain an 

alcohol radical higher in the series than ethyl, and this radical 

is not susceptible of isomeric modification ; but a normal acid 

ctmtaining propyl can have one isomer in this division, the two 

iivitb containiiig respectively propyl (CEtH^j) and isopropyl 

(CMe.H)* For acids of this division containing normal alco* 

hoi rndicak only^the following general graphic formula may be 

Kivtni :■ — 




In llu* Oil 5*0 orglyt'ollic acid n^Q, 

111** ftvllowiug are the acids at present known belougmg to 



lily coll ir acid 

l^*>tu'» noid 

v\Ntmtync nrul 



fCa^Ho 
t OOHo ' 

JCMeHHo 
t OOHo ' 

JCEfcHHo 
\ OOHo 
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Valerolactic acid 



j CPrHHo 
tCOHo • 



Leucicacid \COHo ' 

2nd. Etlierk Nmmal Acids, — An etheric normal acid of tbe 
lactic Beriea ia constitnted lite a normal acid, but contains ;i 
monad organic radical, chlorous or baaylona, in the place of tht^ 
hydrogen of the fion-oasatglic hydrosyL The following is there- 
fore the general formula of these acids; in the graphic formula 
n, as before, may ^^0. 




or 



J CEHRo 
ICOHo ' 



The number of possible isomers belonging to this division is 
very great ; for, in addition to those of which the normal acids 

containing E of the same value are susceptible, a host of others 

+ ± 

must result from the complementary variation of E and E. 

The lowest member of the division, methylglycoEic acid (iso- 
meric with lactic acid), is the only one incapable of iao merit* 
modification. 

The following examples will serve to illustrate the constitu- 
tion of the acids belonging to this division : — 

MethylglycolHe acid {cOli?'^* 

Ethyl-kcticacid .^.-{gS^'^- 

Aceto-lactic acid ISE*;^^^^* 

I COHo 

3rd. Secondary Aoids^—^A secondary aeid of the lactic series 
* Ago = peroxide of acetyl, CiH^Oa. 
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[h one in whict an atom of carbon is united with oxatyl, hy- 
droxyl, and ttto atom» of a monad alcohol radical. The 
general formula of these acids is 



© 




fCB,Ho 
COHo^ 



III tlie graphic expresaioDj the valnes of n and m may differ ; 

but both arc positive integers^ and neither oiaj ^0. In the 

+ 
sYinbolic formula E must be a monad alcohol radical. The 

following examples will aerve to illustrate their constitution : — 
Dimethoxalic acid ,.... i COllo * 



Ethomethoiaiic acid 



f CEtMeHo 
tCOHo * 



I 



BiethoxaHc acid \ noH« " 

I TOmber of acids possessing the same atomic weight, and 
lon^fj to tliis diTiaion, is determined, first, by the comple- 
ineMlary variiitiou of the two alcohol radicals, and, secondly, 
by tiu^ number of possible isomers of these radicals* The two 
In west terms of the series are alone incapable of isomeric modi- 
Hoation by either of the causes mentioned. 

Mlv. Kthrrte Secomhri/ Aciii^.—Them acids stand in the 
mmw n^lntioii to tlie eeeondary as the ctheric norma! to the 
luvrnuil ftcide; they consequently coutaui a monad organic 
nidieal iu ilu^ placo t>f the hydrogen of the non-oxatylic by- 
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droxyl. The following is therefore the general formiQa of 
these acids : — 




(^ ^^ j CE,Eo 



5th. Normal Olefine Adds. — A normal define acid belonging 
to the lactic series is one in which the atom of carbon united 
with oxatyl is not combined with hydroxyl, and in which the 
atom of carbon united with hydroxyl is combined with not less 
than one atom of hydrogen. The following are the general 
graphic and symbolic formulae of the acids belonging to this 
division : — 



(H>-0-<c). 
(£) 



5 

.0-0-0 or 

6 



fC^HHo 
JOHo 



\'^- 



In both these formulae n must be a positive integer and 

cannot =0, but R may be either hydrogen or a monad alcohol 
radical. The defines of these acids may belong either to the 
ethylene or ethylidene series. 

The following are the only acids at present known belonging 
to this division : — 

rCH,Ho 

Paralactic acid 1 C^ 

COHo 



Paraleucic acid \ (pA) "• 



fCILHo 
COHo 



is^ 



322 



THE ACIDS. 



The number of isomers in this division will obviously depend, 

first, upon the complementary vanationg of E and (CHJ. ; 

secondly^ upon the isomeric modification a of which II is sus- 
ceptible; and thirdly^ upon the isomeric modifications of 

6th. Etherk Normal Ole/tne Acids. — ^These acids only differ 
from the normal olefiiie acids in haying the hydrogen of the 
non-oxatylic bydroxyl replaced by an organic monad radical, 
positive or negative ; their general formula is therefore, 




©-0-<D 



rCKHKo 






COHo 



©-GHS) 

& 

As in the fifth division, « must be a ]>ositive inte^r and cannot 

—0, whilst R may be either hydrogen or a monad alcohol 

± 
radical ; but B must be a monad compound radical, either acid 
or alcoholic. 

7th. Secandarif Olefine Acids. — A secondary olefine acid of 
this series is one in which the atom of carbon united witb 
oxatyl is not combined with hydroxyl, and in which the atom 
of carbon united with hydroxyl is also combined with two 
monad alcohol radicals, as t^liown in the following formula i — 




^®J 



-0-© 



CE,Ho 
COHo 



In both of these formulae n must be a positive integer and 
caimot =0, and K must be a monad alcohol radical. 

8th. Ethenc Secondm^^ Olefine Acids. — These acids are 
related to the secondary olefine acids in the same way as the 
sixth division to the fifth. No member of the eeventh or eighth 
division has yet been formed. 
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Formation of the Normal Acids. — 1. By tho oxidation of 

the glycols, or diaeid alcoholB. 



fCH,Ho , 

tCH,Ho + 

Glycol- 



Q _ fCH,Ho 



GlyeolHc 



OH,. 

Water. 



2. By the oxidation of the C^Ha^iHo alcohols : — 
, Q ^ fCH.Ho . 



rcH3 

I CH Ho 



Ethylic 
aloo] 



[jllC 
>hDL 



Glyoollic 
add. 



OH, 

Water. 



3. From the fatty acids, by conTerting them first into i^hlo- 
ro-Bubstitutiou acids, and then a^rfing upon these compounds 
with potassic hydrate : — 



ICOHo + ^^* " t<^OIiQ ' 

Fatty Bcad- Chlorofettj add, Hydrcx'hluri 

aeiti 

fC(C„H^,OHCl . KHo - JC(C„H.^OHHo ^^ .^ 



Chlorofetty acid. 



PotaBsic 
liydrate. 



Normal acid of tb<^ 
lactic Beries. 



Pcrtaaftit' 
ohloridt'. 



M^rmation of Secondary Acids.^Bj the action of the /-itic 
compounds of the monad radiealB upon ethylic oxalate, and 
the subsequent addition of water : — 

1 COEto + -2Zii{C,H=^0. - [ coEto 

SihTlio 2inc coinpound of 

oxalate. monad radical. 

+ Zn(C,H^.)Eto; 
\ COEto + "'""^ ~ \ COEto 

Wat4fr^ Beoond&rjr add. 

+ |^'°=»+' + ZnHo,. 

Hydride of Ziudo 

radiaal. hydrat«. 
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Formation of Ohjlne Aeids, — By uniting a dyad radical witb 
liirbouic oxY<iictiloride {phosgene gas) under the influence of eun- 
lit^litj and aubaequently acting upon the product with potaasic 
hydrate : — 

„rcH, , con - 1°^^^' 



Ethyleae* 



Carbonic oxydi- 

ehloHde. 
(Pho«(ft>negas.) 



^ Clilornropion^iic 
chloride. 



{c5:a^0Cl)+^^^^ = {c?50Ka)+2KCl+OH,. 



CH^Cl 

iS ChlorpTopioDyHc Potassic 
cblorlde. hydrate. 



paralactftte. 



FotAaftid 
chloride. 



Water. 



Relatione of the JmcHc to the Acetic Series of Acids. 

1. The transformation of the acetic or fatty into the normal 
hiotic eerie B of acida has been mentioned above (p. 323). 

2. The converse operation ia effected with the normal and 
tfeeondary acids of the lactic eeriea by means of hydriodic acid :— 

tcOHo +^-^^-\COHo 



Acid of lactic aenci. 



HydricNiio 
Hcid. 



Acid of fiiOeLie aeriei. 



+ OH, + I, 

Water. 



If m does not =0 the fatty acid will be a secondaj'y one, 
like the member of the lactic eeriea from which it is derived* 



Melaiimis of the Lactic to the Acrylic Series of Acids. 
if the ethereal salta of the secondary acids of the lactic serii 
be treated with phosphorous trichloride, tbe ethereal salts of tt 
meeondary acids of the acryUc series are produced : — 

^ \ COEto + *^^^= -^ 'H COEto 



Ether of lactic series. 



PhOBpbOTCHJiB 

tridiluridi?. 



Ether of acrjlic Beri«a. 



+ POKHo, + 3HCL 



Phosphoroua 

add. 



HydrfM'hloric 
acid. 
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This reaction has not yet been produced in the case of the 
normal acids of the lactic series. 

A secondary lactic acid minus OK^= an acrylic acid. The 
reverse of this operation has not been performed. 

LACTIC ACID. 

f CMeHHo 
tCOHo 
^. gr. 1-215. 

Occurrence. — In sour milk, Sauerkraut, fluids of muscular 
tissue, gastric juice, saliva of diabetic patients. In the acid 
liquor of starch-factories, in blood, urine, tears, bile, &c. It is 
also a general product of putrefactive fermentation. The acid 
contained in animal fluids is paralactic acid (see p. 327). 

Prepa/ration, — By fermenting sugar with putrid cheese. 

For other processes, see pages 329 and 330. 

Its salts have the following general formulae : — 

f CMeHHo 
f CMeHHo 1 CO-Ot^„ 

1 COMo • J CO-O^^ • 

t CMeHHo 

Salts of monad metals. Salts of dyad metals. 

Isomerism in the Lactic Series. 
The synthetical study of the acids of this series aflbrds an 
insight into numerous and interesting cases of isomerism. 
Commencing with the lowest member of the series, we have 
for glycoUic acid the formula 

© 



(Jh©-© 
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An inspection of tliis formula sKows that glycoilic a^id 
admit 9 of no isomeric modilicatioii, except with a total change 
of type* The part of the formula helow the dotted line repre- 
sents oxatvlj which canaot be altered without sacrificing the 
acid character of the compound ; there remains therefore only 
the part of the formula above the dotted line, which admits of 
the following modification ;- — 




The acid represcBted by the formula so modified no longer 
comes within the definition of the lactic series. It is carbo- 
methylic acid, and differs essentially from glycoilic acid and 
the lactic seriee in general, inasmuch as the carbon of its 
chlorous radical, oxatyl, ia linked to the carbon of the basyloua 
radical by oxygen*. 

* Bearing ttiie Cfjtifltitution of oirljompthylic acid in mind, we huve onlj 
to ga one at<«p further in order to pereeive the oonBtitiition of carbonic acid 
it*?lft and the anomalous basicity of tliie acid ; for if, in the above graphic 
formula for carbomethvlic acid, we replace the methyl by hydrogen^ we hftfe 





Carljomethjhe acid, Carbonrc acid. 

It i^ tbufi ©ridcnt tlmt the radiciil oxatvlj when unit-ed wilh hydroxyl, has 
suJReiont clilorouw power to produce a feebly dibii*ie acid ; but iiia*imucli as 
wirbonic nM is not iiiekided in the cak*gory of organic acids, it forma ng 
cjLception to the law that an orgiinic acid contain itig n atoms of oxatyl ia 
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There being no deeiBive evidence that homolactk add differs 
from gly collie acid, experiment and theoiy both agree in 
asserting that the formula CjE^O^ represents only one acid in 
the lactic series. 

Proceeding now one step higher in this series, we have in 
the formula of lactic acid an expression capable of the following 
I three variations without quitting the lactic type ; — 







Or, expressed symbolically : — 




No. 1. 

I CMeHHo 

I COHo ^ 



f CH,Ho 

I CH,(COHo) 



No* 2. 

fCH,Ho 
or]CH, . 
[ COHo 



No. 3. 

r CH.>leo 
tCOilo ' 



All the adds represented by the above formulae are known. 
Tlie first expresses the constitution of lactic acid, which 

belongs to the normal division ( J ^i'^ii 1 of the series, 
^ \(COHo / 

described at page S17 ; the second shows the atomic arrange* 
nieut of paraiaetic acid ; whilst the third represents methyl- 
glycoliic acid. The proof that the first two of these atnds are 
so constituted is afforded by the synthetic processes sometimes 
employed to produce them ; for ethyMdene cyan hydrate ia con- 
verted by ebullition with potash into a salt of lactic acid, 
whdat ethylene cyanhydrate is transformed under similar cir- 
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cumstaiices into paralactic acid. It has also been mentioned 
above that bj the action of phosgene gas upon ethylene, para- 
lactic acid is produced. Now the formation of ethjlidene, op 
rather of its compounds, scarcely leaves a doubt that this body, 
if isolated, would have the following atomic constitution : — 




or 



{"Crf^ 



it would consist of an atom of methyl and an atom of hydrogen, 
both united with an atom of carbon, two of whose bonds satisfy 
each other. Thus the formation of ethylidene dichloride from 
aldehyde and phosphoric chloride takes place as follows : — 

{Sib + PCI. - (gg'c^ + POCI,. 

Aldohjde. Phospborio Etl^lidene Pho^borio 

chloride. dichloride. ozytriimloride. 

the oxygen in the aldehyde being simply replaced by chlorine. 
Tliere now only remains one possible formula for ethylene, viz. 




■■{ 



CH, 



Such, then, being the constitution of ethylidene and ethylene, 
it follows that the former ought to give rise to an acid of the 
constitution shown in formula No. 1, whilst ethylene should 
produce an acid agreeing with formula No. 2. The acids 
actually produced from these sources are lactic and paralactic 
acids ; hence No. 1 is the constitutional formula of lactic acid, 
and No. 2 that of paralactic acid, — ^a conclusion which harmo- 
nizes perfectly with all the reactions in which the production 
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of these acids can be traced. Thus in the fonnatioii of lactic 
acid by the oxidation of propylie glycol, we have 



/ CMeHHo 
\ CH,Ho 

Propylic glycol. 



Lactic add. Water, 



Again, in the production of this acid from ethylidene cyan- 
hydrate, 



EtbTli^ene 
ojanlijdrftte. 



PotasBie Wattsr. 
bTiirativ 



Potasaic lactate. 



AnunoQia. 



The formula given for potaasic lactate in this equation ia only 
apparently different in type from that previously used for lactic 
acid, since 

{SHko(COKo) = CMeHHo(COKo) = jg^gHo 

In the reaction by which chloropropionic acid is transformed 
into lactic acid we have the following change :- — 

Chlaropropiomc PotELsaic Potassic lactate. FotaBaic Water, 



aeid. 



chloride. 



The production of lactamic acid (alanin)^ and that of lactic 
acid from the latter by the action of nitrous acid, are also 
clearly confirmatory of the above view. 

I CO(N-HJ + ^H +^^^+'^*^'^-icOHo +MH,C1 . 

Ammonlo HydracTanic Water. Hydro- Lmlanife acid Animuiiiai 

ftlcliihyde. ackll. eftJoric (ftlHnin). chloride, 

acid. 

r CMeH(.N"'H,) , mott^ /CMeHHo oTT -t. N 

lAcrtAiQJc acid Nitrotii Laciic acki WftttT. 

(akain). a<nd. 

Not the least interesting reaction illustrative of the consti- 
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tution of lactic acid is the formation of this acid by the action 
of nascent hydrogen upon pyniyic acid : — 

/COMg , tt , JCMeHHo 
\COHo ^ ^^ - \COHo • 

Fjravifi add. I«ctic acid. 

By an analogous reactions glyoxalic aeid, which ia the next 
lower horaoio^e of pyruvic acid, has been ti-aasformed into 
glycollic acid, 

rCOH _L TT _ rCH.Ho 
\COHo + ^. - \COHo' 

Glyoialic ftcid. CHyooUie acid. 

Tn a similar manner it can be demonstrated that the above 
formula No. 2 espresaes the constitution of paralactic acid, 
which belongs to the fifth or olefine diyision of these acids. 



/ CKHHo 
l(CHj'UCOHo) 



rCEHHo 
or \ {CBy„ . 
COHo 



That paralactic acid posseases thia constitution is proved, 
first, by its production firom cyanhydrie glycol— 

fCH,Ho 
^+ KHo + OH, = \on^ + BTH,; 

[COKo 

Cjftnhytlric Potaasic Wafer. 



J CH J-Io 
IC11,(CN"')- 



glycol. 



Potaasic 
hydrate. 



PotflMlC 

pamlaotate^ 



Amm oni*. 



and secondly, by its formation from phosgene gas and ethylene 
(see p* 324). 

By the action of water upon the chloride of /3 ehlorpropionyl, 
a body of tlie composition of chloropropiomc acid ia obtained ; 
but inasmuch as this body yields paralactic acid by ebullition 
with potash, whilst cliloropr op ionic acid givea under the same 
circumstances lactic acid, it foOows that the former chloro*acid 
must be isomeric, and not identical, with the latter. Now^ 
although the formula of propionic acid does not admit of any 
isomer, yet that of chloroprop ionic acid does, as ia seen in the 
following graphic formula : — 
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No. ] 




©-©-© 
© 



A comparison of tkese formulEB with those of lactic and para- 
lac tic acids (p. 827) showB at a glance that No. 1 ia the 
chloropropionic acid which yields lactic acid, whilst No. 2 is 
iso-chloropropionic acid, which, bj the snhatitntion of its 
chlorine by hydroxy!, must yield paralactic acid. Ey the action 
of nascent hydrogen, both isomeric chlorides will obviously 
produce the same propionic acid. 

The cause of the isomerism of methyl- glycoUic acid (No, 3, 
p, 827) is so obvious as to require no further explanation. 
Proceeding to the next higher stage in the series, such is the 
rapid increase of isomerismj that we now encounter no less than 
eight possible iaomersj all within the lactic family, 

BeoonddJT. ^ — — ** ^— ^ — — -. 

No. 2. No, 3. 

JCMeHo fCHEto 

t COHo * t COHo ■ 



Normal. 



f CEtHHo 
t COHo * 



r CMeHMeo 
\COHo 



Normal oleflue. 



No. 5. 

rCHHo 

ch; 

CH, • 
COHo 



No. fi. 

f CH^Ho 

J CMeH . 

COHo 



No. 7. 

rCMeHHo 
^CH, ■ 
[ COHo 



Htheric norrtiiLl oleflne. 
No. 8. 

rCH,Meo 
]CH, . 
t COHo 



Of these acida, Noa. 1, 2, and 3 are known. No, 1 is oxy- 
butyric acid ; No, 2 ia di moth oxalic acid, which ia probably 
identical with acefconic acid. On this assumption, the forma- 
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tion of the latter by the action of hydrocyanic and hydrochloric 
acids upon acetone is easily intelligihle : — 

{ coke + °^"'H + 20H, + HCl = { g^^f ^ + NHA 

Acetone HjdrocTAnic Water, Hydro- Aevtonic or 

ACid. chloric aoid. dimetlioxalJa sf id. 

The third of the ahove formnl© is that of ethyl-glycollic acid. 

Of the possible acids contaimng five atoms of carbon^ onlj 
two, via, ethomethoxalic acid and valerolactic acid, are knowiL 
The cause of the isomeriBm of these two acids is seen at once 
fipom an inspection of their constitutional formul© ; — 

f CEtMeHo 
• I COHo * 

rCPrHHo 
tCOHo • 



Ethomethoxalic acid 



Talerolactic acid 



Of acids containing six atoms of carbon, the following three] 
are known i— 



Leucic acid 



Diethoxalic acid , 



rCBuHHo 
IGOHo ' 

rCEtHo 
" "iCOHo ■ 

r CH^Ho 

Paralencic acid ,...< (C^H,)". 

[COHo 

The above formula for leucic acid is founded upon a rcactioa 
for the synthetical production of this acid from valeric aldehyde 
and hydrocyanic acid. Valeric acid contains butyl ; conse- 
quently valeric aldehyde has the constitution expressed by the 

formula ^ QQ-tri ^^^ the reaction in quest iofi may therefore 

be eiplained by the following equation :^ 

fBu MO^'jLnu ^TTPl /CBuH(N"HJ. •— .-„ 



QDltlC 

valeric aldehydJf. 



IlTfSfo- Wiifcer, Hydrtj- 
cyaniu cMorio 

mill acid 



LeUirln. 



AmxnoniG 
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Such being the rational formula of leucin, its transformation 
into leucic acid by nitrous acid determines the constitution of 
leucic acid ; — 

rCBuH(N'"H,) , ^^^^ _ f CBuHHo . qtt j. ^ 

LenciiL Nitrous acid. Leucic acid. Water. 



CHAPTER XLI, 

THE ACIDS. 

4. FTBZrriC SUEIES. 
General formula | qoS*^"^"*"'^* 

In this formula n may =0. 

The following list contains all the known members of this 
series : — 

Glyoxalic acid { COHo* 

Pyruvic acid I COHo' Boils at 165°. 

Convolvulinoleicacid... jcOHo'^''^' Puses at 42^ 

Jalapinoleic acid I COHo '^''^- " ^^°- 

Eicinoleic acid {cOHo"^''^- » ^°- 

The first two members only of this series are well known. 
These acids are the semialdehydes and semiketones of oxalic 
acid, and they stand in much the same relation to this acid 
as that which acetic aldehyde occupies with regard to acetic 
acid: — 

fOH, . fCH, 

\COHo' \COH- 

Acetic add. Acetic aldehyde. 
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fCOHo 
\COHo' 

Oxalic aoid. 



fCOH 
t COHo- 

Glv'oxaliu &cid. 



The same cliemical ckauge, when repeated upon tlie other 
half of oxalic acid, converts this acid into a true aldehyde, ^nl. 



Grlyoxal 



JCOH 



Both gljoxal and gly oxalic acid are produced bj the oxidation 
of ethylic alcohol by mtric acid ;— 



ICH3 

iCH.Ho 

EtbTlic 

rcoH 

\COH 

Gljoical, 



+ 0, = 



+ = 



JCOH 

tcOH 

eijoal. 

fCOH 

\COHo- 

acid 



+ 2OH, 



Water 



GlyoiaUc acid reduces silver aalts like an aldehyde, 
transformed into oxalic acid :^ — 



fCOH 
tCOHo 

QljonJio 



+ = 



fCOHo 

t COHo- 

Oxftlio 




These reactions show clearly the relations of the pyruvic 
series to oxi^c acid. 

The pyruvic aeries is also closely related te the lactic series 
— the first two members of the former absorbing hydrogen and 
being converted into gly collie and normal lactic acids respec- 
tively : — 



JCOH 

1 COHo 

&cid. 

fOOMe 
jOOHo 



+ H, = 



+ H, = 



fCH,IIo 
\ COHo • 

Gljeollic 
ftcid. 

r CMcHHo 
tCOHo • 
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General formula 



rC(C„H^OHo ... jj 



[COHo 



In the second formula n may —0. 

The two following acids of this series are liDown ;~ 

PbyHienl condition, 

Syrupjj cryatalliiie hydrate. 



Grlyoiylic acid 
Grlyceric acid . 



...{ 



Formola. 

CHHo, 
COHo- 

fCH,Ho 

\ CHHo. 

COHo 



Syrupy. 



These acida are dibydric, but monobaaic, and are related to 
the glyoerin series of alcohols in the same way in which the 
members of the lactic aeriea are related to the glycols ;— 

f CH,Ho 
t CJtt,Ho- 

GlyooL 

fCH,Ho 
^ CHHo . 
[CH,Ho • [COHo 

Glywrin. OJjcsoric aqid, 

. G-ljceric acid has hitherto been hut little investigated. 



r CH^o 
t COHo ' 

01jcollic BbCid. 

rCH,Ho 
CHHo. 



CHAPTEE XLII. 

THE ACIDS. 

G. ts:e benzoic oe aeomatig series of 

ACIDS. 



O-eneral formula 



•{ 



C(C„Ha,_j)H, 
COHo 
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The following terms of this series are known : — 

Phenoic acid 1 J C,H, Puses at 6QP. 

CoUinicaeid/ "' [COHo" Fuses at 100°. 

Benzoic acid | qqII^'^ ^** ^^^^^ ^^ 121''-4. 

ToluyHcacid -..{^^^^^^^^^ 

Cuminic acid | ^ q^^'^^^ ^^^^ at 92**. 

These acids have the same constitution aa those of the acetic 
seiieBj but coataiu the C„Ha„_j radicals. 

They have been much less studied than the acetic series, and 
further investigation will probably bring to light other series 
holding towards them the same relation as the acrylic, glycolhc, 
pyruvic, and glyoxylic series bear to the acetic series • Already 
an aciyloid acid of this section is known corresponding to an 
unknown horaologue of benzoic acid :— 

fC(C,H,)H, fC(C,H.)"H 

tcOHo ■ ICOHo 

* Uakuown acid. Cinmmic acid. 

Cinnamic acid is decomposed, like the acids of the acrylic 
series, when treated with fused potass ic hydrate ; it gives, under 
these circumstanceSj potassic acetate and benzoate. For the 
analogoua reaction in the acrylic series see p* 314. 

Salicylic acid is the lactic acid of benzoic acid ; — 

h rC(C,H3)H, fC(C,,H,)HHo. 

■ tCOEo \COHo 

^H Bi^nzoic add. SaUcyUc acid. 

and the oil of meadow-sweet (Spirmi uhnaria) is generally re- 
garded as the aldehyde of Baliejlie acid : — 

rC(C,H3)HHo 
|COH 
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BENZOIC ACTD, 

rC(C,HJH, 
ICOHo 

Molecular weight =122. Molecular volume rn * 1 litre qf 
henzmc mid vapour weigJia 61 crithi, Fmes at 121^'4i, 
Both at 239^=*. 

Occurrence. — In manj baleama and giims. In putrid urine. 

Pr^«rfl#w>n.— 1, By the oxidation of oil of bitter almonds 
(p. 295). 

2* By the action of faeed potasaie hydrate on cinnamic 
acid:^ — 



g^-Sya + ^KHo. 



Cinnaitiic 
odd. 



Fotaasio 
hydrate. 



coko + 

Pofcasaic 



(Sga^-'^-^H- 



Fotaasic 
beuzoate. 



3, By boilmg hippnric acid with hydrochloric acid :— 



C,H,NO, + OH, = 






W*ter. 



GlyoocJn. 



rC{C,H,)H, 
jCOHo 



4. By the action of oxidizing agents on casein or gelatin. 

5, I'rom gnm benzoin, by sublimation, or by extraction with 
potaesic hydrate and subsequent precipitation of the acid by 
hydrochloric acid. 



CHAPTER XLIII. 

THE Acroa 
DIBASIC ACIBB. 



General formula,,. A{COHo), or JBrQ^S 

A and B being dyad radicals containing CnH^Oi, 
These acids all contain two atoms of oxatyl j and if in the 
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general formula n, ot, and 2=0, oxalic acid will be tlie first term 
of the aeriea. 

Ibrmatian, — Many of the dibasic acids are produced by the 
oxidation of substances rielier in carbon, such as oila and &ta* 
Others are found ready formed in nature. 

EeacHom, — 1. Bj the action of dehydrating substances, aod 
even som ©times by heat alone, these p^cida lose water, forming 
anhydrides : — 

iB(COHo) " ^"' 

Arid. Water, 



+ \ B(C0" / 

Anhydridte, 

2. If the anhydride bo submitted to the action of phosphoric 
chloride, an atom of oxygen ia replaced by two of chlorine : — 



\B(CO" j 

AiLhjdride. 



f A{COCl) 
\B(C0C1) 

Pho^phnric Chloride, 

ckioride. 



PCI, = 



+ POCI,. 

PJiosphorie 
odytricktoridiL 

;i Both the anhydrides and the chlorides are reconverted 
nto the acids by tbe action of water : — 

/ A(COCl) 
B(COCl) 

Water. 



Chloride. 



O _ fACCOHo) 
20ii=. - |b(COHo) 



+ 2HC1. 



Add, 



Hydrochloric 
acid- 

The dibasic acids may be divided into the four following 
series : — 



ras^coHo) 

lC,H^(COHo)' 

„H^_,(COHo) 

.H^^i(COHo)' 



1. Succmic or aeetoid series ... 
In the first member of the seriea m =0. 

2. Fumaric or acryloid series , " ] p"-r 

8. italic or lactoid seriea | n"?-"7!?.^ti*^^^^^^^ 

4. IWtaric or glyoxyloid series ... { ^;J-;g:iSJ- 

The first and second series are dibasic and diht^dricy the thirds 
dil^c laid iriiydtic^ and the fourth, dibasic and tetrahifdric. 
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1. TBLE SVCCINIO OM ACHTOID 8SBIi:S. 

General formula... \ J:;-"*- or \ C,H^ . 
[cOHo l^^tlHo 

The following metnberH of this series are known :■ — 

fCOHo 
IVIalonic acid , < CH, . If uses at 140°. 

i COHo 

fCOHo 
Snccmic acid \^Mi * Fuses at 180^. Boils at 235^. 

[COHo 

fcOHo 
Pyrotartarie acid ..A O^H^ . Fuses at 112='. Boils at 20CP. 

[cbHo 

fCOHo 

Adipic acid i CJi^ , Pusea at 140°. 

[ COHo 

COHo 

Fuses at 134°. 
COHo 

COHo 

Fuses at 125°. 
COHo 
rCOHo 

Anchoic acid J C-II, . . Fuses at 116°. 

tCOHo 
COHo 

Sebacic acid i C;H,, , Fuses at 127°. 

[ COHo 
fCOHo 

Eoccellic acid J C^^H^, . Fuses at 132^. Boils at 200°. 

I COHo 

It is obvious that there may be several modifications of each 
of these acids. Thus there may be two succinic acids, one 
containing ethjlene, and the other ethyl i dene (see p. 346) :— 



Pimelic acid i ^^^w 



Suberic acid , i C^H^^ 



/CH,(COHo) 

t CH,(COHo) 



and 



lCH{COHo), 



<J2 



340 THB ACIDS. 

1. Bektiotu cfike Succinic to the Lactic Scries of Adda and to 
the QlifcoU. 
These acids are related to the lactic series and to the glycols 
in the same way as the fieitty acids are related to the monacid 
alcohols : — 

rcH,Ho rcH^o rcoHo 

\ CH,Ho* t COJffo • t COHo- 

GlyeoL Oljoollie acid. Ozalio aoid. 

This relation, however, does not strictly extend beyond the 
first member, although it may be partially traced in the rela- 
tions of malonic and adipic acids to paralactic and paraleucic 
acids: — 

rCH,(CH,Ho) rCH,(CH,Ho) fCH/COHo) 

[CRJlo \COTLo \C011o 

IsoMopTlic glrcoL PMrmlackio aoid. Malonioftdd. 

(Undkownl) 

fC.H,(CH^o) fCA(CH^o) fC,H,(COHo) 
jCH^o tCOHo ICOHo 

Unknown gljod. Panlendo acid. Adipio acid. 

2. Bclatioru of the Succinic Series to the Dyad Radicals. 

1. The succinic series is intimately related to the dyad 
radicals, the cyanides of which are readily converted into 
dibasic acids by ebullition with potassic hydrate or hydrochloric 
acid : — 

Cyanide of the Potassic Water. Potassiosalt of the Ammo- 

a jad radical. hydrate. dibasic add. nia. 

2. Some of these acids, when heated with excess of caustic 
baryta, give up two atoms of carbonic anhydride, yielding the 
liydrides of the dyad radicals : — 

rCOHo 

I COHo " ^^^' "^ (CeHJ"H,. 

Suberic acid. Carbonic 

anhydride. 

fCOHo 

Sebadc acid. Carbonic 

anhydride. 
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These reactions are the aaialogueSj in the dyad series, of 
the one by which marsh^gaa is obtained from acetic acid. The 
hydrides of the dyad radicals so obtained are isomeric with 
those of the corresponding monad radicals. 

The elimination of carbonic anhydride from a monobasic 
acid can only take place once, while from a dibasic acid it takes 
place in two succesBiYe stages : — 



In the case of a monobasic acid, 

In the case of a dibasic acid, 

l8t stage ... I c„H^(COHo) ^^ 



Sh+I 



2iid stage. 



COHo 



[COHo 



- CO, 









3. Melatwns of the Succinic to the Acetic Scries of Adds, 

1. By the loss of the elements of carbonic anhydride, the 
first three members of the succinic series are conTerted into 
members of the acetic series, containing one atom of carbon 
less :— 



fCOHo 
\COHo 

[COHo 

Malooio 
acid. 

fCOHo 
COHo 

a£id. 



= CO, + 

Carbomc 
anhydride. 

= CO, + 



Cvbonio 
anhydride. 



= CO, + 



Carboaic 
anliydnde. 



1^ 

\ COHo- 

JFormic add. 



\coteo- 

AcMsdoacid, 



f CMeH, 
1 COHo ■ 

Pmpionifl 
iicid« 
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In the first two cases the action of heat alone is sufficient 
to effect tlie tmnaformation ; but in the third the attraction of 
lime for carbonic anhydride must be superadded* 

2. ConverBely, the members of the acetic aeries may be con- 
rerted into those of the Buccinic containing one atom of 
carbon more, by replacing one atom of the methylic hydrogen 
in acetic acid by cyanogen, and then boiling with potaaaic 
hYflrate : — 



COHo 



^^» = {gsr"'"' 






Potanifj nuloiiAtcv 



+ NH, 



Ammoiiift. 



The conversion of formic acid into oxalic acid, by beating 
with potaaaic hydrate, also belonga to this clasa of reactions : — 

2 { COHo + 2KHo = {gg|« 

Water. 



+ 20H, + K . 



Pormio add. 



hydrate. 



f otiiiBaic 



SUCCINIC ACID. 

rcoHo 
1 cbito' 

Mises at 180^, Boils at 235°. 

Ocmrreme, — In amber; in some kinds of lignite j in the 
realm of Bome kinds of pine j also in many other yegetable and 
animal BubBtancea. 

^rmatian, — ^1. By the action of potaaaic hydrate upon ethj- 
lenic cyanide (p. 289) : this reaction prove b that succinic acid 
contains ethylene, and that its constitutional formula is aa 
above given; but an isosuccinic acid must bo capable of 
formation^ though hitherto never obtained. This acid will 
obviously contain ethylidene in the place of ethylene ; and it« 

I COHo 
formula will be < CMeH. (See p. 346.) 

( COHo 
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By the osidatiott of butyrie acid by nitric acid :— 

o. = ;c,n, + OH.. 



f CEtH, 
tCOHo 



fCOHo 

ICOHo 

Baccinit; add. 



WfttCT. 



Butyric add. 

The nature of thia reaction is more dearly seen with fully 
developed formulse, thus :• — 




rCOHo 
^COHo 



+ OH,. 



Water, 



3. By the reduction of malic acid by fermentation, or by 
hydriodic acid i — 
Mk rCOHo i COHo 



fCOHo 
CHHo 
COHo 

Malic oeid. 



+ H, = 



COHo 

Suooinie odd. 



+ OH,. 



Wnter. 



4. By the reduction of tartaric acid by hydxiodic acid : — 



rCOHo 
4HI = \ 5-^= 

[COHo 

Hydritjdio 



+ 20H, + 21, 



acid. 



Water. 



rcoHo 

J CHHo 
1 CHHo 
[COHt) 

T'^rtario 
add. 

It is evident that this reaction ia perfectly analogous to that 
by wMchi lactic acid is tranaformed into propionic acid (p, 308). 

5, The two isomeric acids, fumaric and maleic acids, are 
converted by nascent hydrogen into auccinic acid i — 




{COHo 
iCH 
]CH 
^COHo 

COHo 
COHo 



H, = 



H, = 




344 



THE ACIDS. 



The two proceasea bj wMcli Boccinic acid is always prepared 
are^ the diBtiHation of amber and tho fermeBtation of calcic 
malate. 

Reactions. — 1. By distiEation, succinic acid splits almost 
entirely into Buccinic anhydride and water : — 



fCOHo fCO , 

[COHo [CO— J 



+ OH, 



Scijcdnio 
nciiL 



Saccinifj 



Water. 



2. Under the action of nascent oxygen produced by electro- 
lysis, Bucciuie acid yields ethylene, carbonic anhydridOj and 
water : — 



COHo 
COflo 


+ 





= C,H. + 2C0, + 


OH,. 


Suotnnii) 
Hid. 






Ethylene. Carbaaio 
ftnbyddd©. 


W»ter. 



Z. Succinic acid may be boiled for hours with concentrated 
nitric acid without suffering any change ; neither is it affected 
by a mixture of potassic chlorate and hydrochloric acid ; but it 
produces acetic acid when distilled with sulphuric acid and 
manganic oiide. 

4* Succinic acid forms three kinds of salts, m. : — 



fCOMo ( 

tCOMo [ 



Acid. 

COHo 

CA . 
COMo 



fCOHo fCOHo 
■^C,H, JCA . 
[COMo (COHo 



CO 1 

C,H, Mo". 

c6-!-' 
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FormnlA. 



CHAPTER XLIV. 

THE ACIDS. 

2. mTMAMIC OB ACEltLOID 8EBIE8. 
General formula..," { c^HriCCOHo) ^"^ C,H^,_2(COHo),. 

In tliia Beriea there are three isomeric acids contaiiiing lour 
atoms of carbon, yIz. 

Fumaric acid 

Maleic acid j^ "C",H,(COHo), ; 

leomaleic acid. 

and three other isomeric acids contaioing five atoms of carbon, 
viz, 

Itaconic acid \ 

Citraconic acid i ^^(CJ^HXCOHo),. 

Mesaconic acid J 
Hational notation predicts the existence of a fourth acid 
belonging to the four- carbon group* The following are the 
four possible formnhe for these aeide :^ 









^COHo 



No. 2. 

© 



®t-®-® ©-©-©-© 
©-A 



rcoHo 

\ C{'CH)H. 
1 COlIo 





fCOHo 
{ CMe" . 
[COHo 

<l5 
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Of tliese fonniilsB, Nos. 1 and 2 repreaent fumaric and maleic 
acids. Data are still waatinjj to enable its own particular for- 
mula to be assigned to eapb of these acids ; but the first two 
formulae must belong to fumaric and maleic acid^, because both 
these acids yield succinic acid under the influence of nascent 
hydrogen, thus : — 



Wo. 1. 
^COHo 
,jCH 

CH 
^COHo 

No. 2. 
^ COHo 

"C 

, COHo 



+ H, = 



+ H. = 



rcoHo 

GH, 
[COHo 



fCOHo 

ICH, 
[COHo 

Succiiiio add. 




Snocmic acid. 



\ 



Tliat soccinic acid contains ethylene ('* I qj^^ j and 

ethjlideno / \ j^Q-g-H^ia proved by ita formation from ethylenic 

cyanide (p. 289); but formulsc Koa. 3 and 4 give, by tlie addi- 
tion of two atoma of hydrogen, the formula of the hitherto 
unknown iaosuecinic acid containing ethylidene, thus : — 

© 



No. 3. 
fCOHo 
\ C("OH)H 
COHo 






+ H. = 



No. 4 
fCOHo 
CMe" 
COHo 



+ H. = 



COHo 

CMeH. 

COHo 

COHo 

CMeH. 

COHo 



0-0-. 







IflMnccimuadd. 
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Pumaric acid combiBea directly with brotnine, producing 
dibromosuccinic acid. Maleic acid also combines directly with 
bromine, producing iaodibromoauccfnic acid. The following 
formulas show tlie nature of thia iaomerism :■ — 



COHo 

CHBr 

\ CHBr 

COHo 




CorreapondiDg to No. 1. 




Corresponding to Ko. 3. 

f^ © ® © 




When acted upon by nascent hydrogen, both these iaomeric 
bromo-acida produce, as might be eipectedj the same succinic 
acid : — . 



COHo 
CHHr 
CHBr 
COHo 




+ H, - 



+ H, = 



fCOHo 
CH, 
CH, 

l^COHo 

acid. 



^" Inasmuch as formulae Noa. 1 and 2 belong to fumaric and 
maleic acids, it follows that one of the two remaining ccmsti- 
tutional formulas must be that of isomaleic acid. It ia iiiipos- 



rCOHo 
CH. 

ch; 

COHo 

Sucdttic 
acid. 



2HBr: 



Hydrobromio 
oeid. 



+ 2HBr. 



Hj'dpobi'oiiut' 
add. 
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aible at present to determine wMcli of tlieae formul© is to ]>e 
aaaigned to this acid ; but in any case tliere can scarcely be a 
doubt that isomaleic acid, wben treated with nascent hydrogen, 
will yield isoauccinic acid, as shown above. 

Of a similar character is the relation subsisting between the 
isomeric acids of this series containing five atoms of carbon, 
viz. itaconic acid^ citraconic acid^ and mesaconic acid. There 
are no less than eleven possible formulsB for this five- carbon 
group of acids ; but the three individual formulae belonging to 
the three known acids cannot at present be determined. The 
following four formulae wOl serve as specimens of the whole, 
and as illustrations of the cause of isomerism in these acids :■ — 




lSo.3. 



iro.4. 



gh^H© 



®-<h-® CSK^ ®^S-® 



9 

© 








COHo 


r COHo 


r COHo 


fCOHo 


CH 


"C 


CH, J 


CH, 


CH . 


< CH. • 


<"o . : 


CMe" • 


CH, 


1 CH, 


CH, 


COHo 


COHo 


l^ COHo 


L COHo 





Itaconic, citraconic, and mesaconic acids stand in the same 
relation to pyrotartaric acid as fumatic and maleic acids occupy 
with regard to succinic acid ; for, when submitted to the action 
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of nascent hydrogen, they all yield tlie same pyrotartaric acid, 
and it is therefore highly probable that the fost three of the 
above formnlsB belong to these acids. The formula of pyro- 
tartaric acid is 



rCOHo 

ICH 
I^COHo 




Treated with bromine, the three acids yield three isomeric 
brominated acids, which are transformed by nascent hydrogen 
into the same pyrotartaric acid. 



CHAPTER XLV. 

THE ACIDS. 

3. MALIC OB LAGTOIB SERIES. 



aso 



TEB ACIi>3« 



Only two acids belonging to this series are known, viz. 
tarfcronic mid and malic acid. Like lactic acid, they both con- 
tain an atom oi non-oxatyUc hydroxyl : — 



rCOHo 

Tartronic acid ^ C HHo, 

[ COHo 



This acid may be regarded as the product of the oxidation of 
glycerin, although it has not yet been so produced. It is ob- 
tained by the gentle osddation of tartaric acid (p* 352), 




Malic acid 



fCOHo 
\ CMeHo. 
[COHo 



® ©K^KS) © 



Malic acid may be regarded as the product of the oiid&tioii 

rCH,Ho 
of the hitherto undiBCovered butyl glycerin, \ CMeHo, 

t CH^Ho 
This acid ia contained in apples, and in many other fruits* 
When gently heated with potassic hydrate, hydrogen is evolved, 
potaaaic oxalate and acetate being produced :— 



Icm|So + KHo = {gg^« + (ggk^ + H, 



^COKo 
' CMeH 
[OOKo 

FofeMue 






PotiUtHio 



Potasflic 



TAETARIC ACID. 
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4, TABTAMIC OE GLYOXTLOIB SERIES. 

This series coniains at present only two members 5 but these 
have very numerous isomers, which have been studiedj however, 
only in the case of the first. Like the glyoxylic series j these 
acids contain two atoms of non'Osnat^Ue hydxosyl. 

rCOHo 



Tartaric add 



CHHo 
CHHo" 
COHo 

fCOHo 

CH, 



2. 
5. 



Homotartaric or glyco* J Ijf;^ 

make acid ,., j CHHo 

t^COHo 
The foUowing are the varieties of tartaric acid :— 
1. Dextrotartaric or common tartaric acid. 
Lfevotartaric acid, 
Saeemic acid. 
Inactive tartaric acid. 
Metatartaric acid. 
The internal armngemcnt ia known only in the case of ordi- 
nary and inactive tartaric acids, which are both represented by 
the above formula. 

The difference between dextro- and Isevo-tartaric acids is only 
physicalj aa far as they are at present inTestigated* 

Eacemic acid is a compound of deitro- and Ibbto- tartaric 
acids. It may be produced by uniting them, and may again 
be resolved into them. 

Inactive tartaric acid cannot be resolved into dextro- and 
lajvo-tartaric acids. 

It may he obtained by the action of water on argentic dibro- 
Ba ©succinate : — 





^ COAgo 

CHBr 

CHBr + 
^ COAgo 


2OH. = 


fCOHo 

^ CHHo 

= ICHHo + 

1 COHo 


2AgBr. 


A] 


'gftntif dibronao- 


W.ter. 


add. 


Argentic 
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The conTerse of tliia reacLioa is the transformation of tar- 
taric aeid into aucciaic acid by means of hydriodic acid (aee 
p. 343). 

Metatartarie acid is produced by fusing ordinary tartaric 
acid. 

Eeactiom. — 1. Ordinary tartaric acid, when treated with 
powerful oxidizing agents, gives formic acid. 

2. Under the influence of very gentle oxidizing agents, tar- 
tronic acid is formed (p* 350) , 

+ O, = ^CHHo + CO, + OH,. 
iCOHo 



CHHo 

CHHo 
COHo 



Taxtaric 
add. 



Tartronio 
&cid. 



Cajbonio 
anJijdiidG. 



Water. 



3* Heated with fused potaesic hydrate^ tartaric acid gives po- 
tasBic oxalate and acetate^ but without evolution of hydrogen : — 
fCOHo 

~"" r coKo 

tCOEo 



J CHHo 
I CHHo 

[COHo 

Tartaric 
odd. 



+ SKHo = 



{cofco 



+ 30H, 



hydrate. 



Fotaisio 
oxalate. 



Potaanc! 
acetate^ 



Water 
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THWASia ACIDS. 

The tribasic acids all contain three atoms of oxatyl. They 
may be divided into the following four seriesj each eeriea being, 
however, at present only represented by one acid. 
1. Tricarballylic or acetoid series : — 

rCH,(COHo) 

Tricarballylic acid ... \ CH(COHo) . 

iGH,(COHo) 



TEIBASIC ACIDS. 

2, Aconitic or acryloid series :— 



S58 



Aconitic acid 

3. Citric op lactoid series : — 



,,(CH(COHo) 
C(COHo) , 
iCH,(COHo) 



rCH:Ho(COHo) 

Citric acid J CH(COHo) . 

[CH,(COHo) 



4i. Desoxalic or glyoiyloid series : — 

rcoHo 

Desoicalic acid ^ 



CHHo 
CHo(COHo) 

COHo 



l¥icarhall^lw acid is triBydric. It is obtained from glycerin 
by replacing the hydroxy 1 in tke latter by cyanogen , and then 
EetiDg upon the tricyanhydrin, so formed, by potassic hydrate:— 



fCH,{CN"') 


fCH,(COKo) 


- CH{CN"') + 3KJlo + 80K ^ 


^ CH(COKo) +3NH, 


.CH,(CN"') 


CH,(COKo) 




FotaMic tric&fb- Ammoma 


ftOrl&t*. 



Aconitic acid {equiseiic acid^ citridic acid) is trihydric. It 
is found in the roots and leaves of monkshoodi and may also 
be obtained by heating citric acid. Heated to 160° it ifl con- 
verted into itaconic acid ; — 



,iCH(COHo) 

]C(COHo) = 
iCH,(COHo) 



A<»iutic add. 



J COHo 

„]CH 
i^CH 
ICH, 
^COHo 

Itaconic 
aoid. 



+ CO, 



aQbydride. 



Citric acid is tetrahydric, and contains, therefore, like lactic 
acid, one atom of n<m-oxat^lic hydroxyL It is found in the 
free state in oranges, lemons, citrons, and many other fruits, 
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alflo in the potato and the onion. By tho graduated application 
of teat, citric acid yielda aconitic, itaconic, and citraconic acids* 
At the earlier stage of the decompoaition it also yields acetone. 
Heated with fused potaasic hydrate it gives potasaic oialate 
and acetate : — 

Citnc add. 



FntniSfiic 
hydrate. 



Potasaic 

oxiilate. 



Potbsdc 
acutate. 



Water 



Deioxalic add is pentahydric, and contains, like glyoxyKc 
acid, two atoms of non'0.vatt/li€ hydroxyl. It is obtained from 
the product of the action of sodium upon oxalic ether. 
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The anhydrides are eompounda ohtained from the acids, hy 
the ahstraction of the hydrogen of their hydroxy 1^ together with 
sufficient oxygen to form water. 

For every two atoms of hydrogen and one of oxygen thus 
abstracted from bydroxyl, there will obviously remain one atom | 
of oxygon, which, as a dyad element, exactly satisfies the two I 
bonds vacated hy the bydroxyl ; — 

2Ho = OH, + 0". 

Hfdroxfl. Water. 

On this account, two molecules of a monohydric acid arel 
quired to form one molecule of anhydride, thus i — 

[ CMeO 
2CMeOHo =- ^ O + OH;,. 

[CMeO 

Acetic iicid Acetic WrI^t. 

auhjdjride. 

The aahydridea of those monobasic and dibasic acids wbich^ 
contain one and two atoma of hydroxy 1 have alone been investi* 
gated. 



ANHYDRIDES OF THE ACETIC AND BEKZOIC SERIES. 355 

They may be divided into the following dasses :— * 

r C ,tH2»+ i f ^n^2n - 7 

1. Anliydrides of the CO I CO 

monohydric mono--^ O and -<( O 

basic acida ICO [CO 

LC„H2„+, 1^ C„Hfl„-7 

3. Anhydridea of the rC(aHs„+iX 

dihydric monobasic -I 0, 

acids [CO 

3. Anhydrides of the r CO 

dihydric dibasic X O^Haii O. 

aeids [CO— ^ 



1. AI^HYDEIBES OF THE MONOSYBMIC 

MONOBASIC ACIDS, 

Theae are known only in the acetic and benzoic series. 

They bear the eame relation to the acids from which they 
are derived as the ethers to the alcohols. 

The residues of different acids can unite to form mixed 
anliy dri des an al ogons to th e mixed etb ers , Aceto-b enz oic anby- 
dride is a body of this class. 

Fomiatwn,^Bj the action of tbe cMoracids, or io-called 
chlorides, of the monad negative radicals on the potassic ealta 
of the acids i — 

rc(aH2,+,)o 

C(C„Hs„+,)OKo+C(C,H,„+.)OCI= - O +KC1. 

[C(C„H«.+,)0 



Potasaic salt 



Chlonfiid. 



Anhydride. 



Poe*Mic 
chloride^ 



Beaction. — ^In contact with water they are converted into the 
corresponding acids i^ 



Anhydridf. 



+ OH, = 2C(C,H3«+0OHo. 



Water. 



Add. 
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TKe foEowiiig m a Hat of the anhjdridos belonging to this 
class: — 



rCMeO 
Amdc aahydride „^,^A O 

[CMeO 

f CEtO 
Fropionio anliTdrida ...{ O 

[CEtO 

CPK) 

O 

CFrO 



Bul^io anhydrids . 



rci 

o 

[ ci 



rcBuO 

Valerio anhydride \ O 



Oftproic anhydrid© 

CEuanthjf'lic aiihjdride, 
BeiQzoic aDhjdride 



LCBuO 
fOAyO 

lOAjO 

fCCpO 
O c 

LCCpO 

|0(C,H,)0 



rc(CH3)0 

IC(CH3)0 

1c{cXP 
lc( 

fCCC,H„)0 
1C(C.H„)0 

rc(c,H.,)( 






■C(C3H,)0 

o 

[C(C3H,)0 
^CCC,H„)0 



CMeO 
Aoetobemoia anhydridB ] 

.C(C,H,)0 



Caprylio azibydride . 
Pelargonio anhydride, 
Falmitio anhydride . 



C(C,Hi,)0 

CC0,H.,)O 

LO(C,H„)0 



fC(C,.E„)0 
■ic(C„H^,)0' 



fioUiai* 
poiat. 



138** 



166° 



about IW: 



about SIS'". 



43''. 



310*. 



120* 



, below 0'^. about I 



+5^ 



53^-8, 
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2. AWHYBBWES OF TRM BIMYDBIO 
MOHrOBABIO ACIDS. 

Formation. — By applying heat to a dihydric monobasic acid, 
thus : — 



f CMeHHo 

tCOHo 



o + 



r CMeH, 

too 

(Lactic anliydride.) 



OH,. 

Water. 



Beactiofi.— Boiled with water, and especially with alkalies, 
they reproduce the acids from which they were demed ; — 



rCMeH^ 

loo ^ 

IdCtide. 



+ 



OR, = 

Water. 



f CMeHEo 
\ COHo " 

Lactioiuiid. 



3. AlfMYBEIBEB OF THE BIMYBBIO 
BIBA8IC ACIBS. 

Formati<m,~'Bj the action of heat, or of aubstancea having 
an attraction for water^ upon the dihydric dibasic acids : — 

C,H, ^ \ C,H^ 6 + OH,. 

[COHo CO ' 



Bncdalo 



fmhjdride^ 



Water. 



Bemtion.^JAke the anhydrides of the first and second classes, 
they unite with water^ reproducing the acids from which they 
were derived. 



CHAPTER XLVIU. 

THE KETOITES. 

The ketones may be regarded as derived from the fatty acidB, 
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by the substitution of the hydroxjl of the latter bj a monad alco- 
hol radical; they thus resemble the aldehydes in constitution :— 



t COHo- 


{cok- 


{coke" 


Asetic 
ooid. 


Acetic 
aldahjdo. 


Ace tune. 



The ketones are also correctlj viewed as compounds of car- 
bonic oxide with monad alcohol radicals, thus : — 

COMe,. 

Acetone. 

By the action of nascent hydrogen upon the ketones, they 
are converted into secondary alcohols, whilst the aldehydes, 
under the same treatment, yield primary alcohols r — 

I COMe + ^a - ICMeHHo- 

Aoetooe. iBopropjIic 

alcoEoL 

Ketones, unlike aldehydes j do not oxidize spontaneously ; 
neither do they reduce ammoniacal solution of argentic oxide. 

Like aldehydes, many of them combine with hydric potaaaic 
or hydric sodic sulphite, 

M^rfiiation^.^l. By the action of the zinc compounds of the 
positive monad radicals upon chloracids : — 



Ghlorm:id, 



2iiic eoiopoimdi 



Ketone. 



chloride. 



2. By the action of sodic ethide and its homologues on car- 
bonic oxide : — 



CO + 



Carbonic 
osde. 



2Na(C„H.„,0 = {2r^c^,, 



Bodiiira compouad. 



.) 



+ Na,. 



Ketone, 



8. By the distillation of the salts of the fatty acids : — 
COKo 






FotfrSflic salt 
of iktty add. 



- 1 CO(C„H,,+,) 



+ COKo,. 



Ketone. 



Potauto 
otu-booale. 
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4. Bj distilling together ealta of two different fattj acids, ke- 
tones eontaining two different basylous radicals are obtained :— 



COKo 



J CEtH, 
~ \ COMe 



+ COKo,. 



Fotaaaic 



Propjlmetliyl 
ketone. 



Potaaaic 
onrboiuite. 



rCEtH. 
\ COKo + 

5. KetoneB are also produced by tbe consecutive action of 
sodium and the iodides of the CJ3.2n-¥i radicals on acetic ether, 
tlie product so obtained being aubsequently boiled with alco- 
holic solution of potassic hydrate : — 

'CH, 

CO 

CHNa 
^ COEto 

Aoetie ether. EthylJi.'! lodoc^tone AIoohoL 



\ COEto 



+ ]SX = 2^ 



+ 2EtHo + H,; 



EthylJi.'! lodoc^tone 
eorbouate. 



. CO 

■ CHNa 
COEto 

S& jlio sodAcetoiLD 

■CK, 

CO . 

CHEt + 
COEto 

£ thy lie etb^cetcKoe 
cdkTbtiiL&te. 



+ EtI = 



fCH, 
CO 
CHEt 
COEto 



+ Nal; 



Ethjlio 
iodide. 



2KHo 



Eth jljt? ettLOoetoiic 
carlioiiate. 



Sodie 
iodide. 



■ { 



Fotassic 
Jlydrttte. 



CH, 

CO + 
CEtH, 

Et)>7latird 
acetone. 



EtEo + COKoj. 



AlocJ:iol. 



Potttame 



Ethylated acetone 



°J» _ fCEtH. 



In this compound one atom of hydrogen in acetone has been 
displaced by ethyL 

A secoEd atom may be displaced in the following maimer :— 



^{coiito ^ 



Amtit 



Xa,. = 



fCH, 
CO 
CNa, + EtHo + H.: 

[ COEto 



Ethylie disodace- AJcotiol 
tone carbonate. 
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'CH, 

CO 

CNa, + 
COEto 

Bujrlio disodaoe- 
(one Murboiute. 

CO 

CBL + 
COEto 

Buijlie diethaoe- 
tone caibonate. 



2mi = 



Ethjlio 
iodide. 



2EHo 



Potaaaio 
hydrate. 



CH, 

CO 

CBt, + 
COEto 

B^ylic diethAoe- 
tone carbonate. 

^CO + 
[CEt^ff 



2NaI: 



Sodio 
iodide. 



BtHo + COKo,. 



Diethjlated 
acetone. 



Alcohol 



Potaatio 
carbonate. 



Dietbylated acetone < CO 

ICEfc^ff 



fCH. 



_ fCEt,H 
"" \COMe- 



The following is a list of the names, constitutional formulie, 
and boiling-points of those ketones which are best known: — 

Boiling- 
point 

Acetone \9^r ^^' 

iCOMe 

Methylated actone. 

(MhylacetyhmeJ^^'^'^ 81^. 

thyl acetone,) 1°^^^ 

Dimethylated ace- 
tone. (-2^%^«^^-{2^^^f 93°-5. 

tone) ^ 

Ethylated acetone... {cq^' ^^^°- 

Propione. {JEtliyl ( CMeH, 
propionyl.) \COEt 

6 rMethyl valeral Jcom' ^^^' 



OQ 



101° 



H, 



||Ethylbutyral {gB,^^ 1280. 

.g fDiethylated acetone | OOMe ^^^° 



IV-*y-- {cS 



144". 
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Little is known of the ketones of the CnHsn^? aeries. 
of them have been obtained : — 

/C FT \ 

Benzaphmane \^q(£ h >)^ *^® ketone of benzoic acid, is 

obtaiBed by heating potaasic benzoate. 

Methyl henz&ne or methyl benzoyl ( \ qq/q jj ^ ) is prepared 
by distilling together calcic acetate and benzoate* 



CHAPTER XLTX. 

ETKEKEAL SALTS. 

THEiE compounda eoneBpond to the metallic oxy salts of the 
acids. 

The acids from which they are derived maybe either mineral 
or organic j but the base mnat always be organic. The haloid 
ethereal salts are excluded from this family ; they have been 
already described as haloid ethers. 

The ethereal salts are produced by reactions analogous to 
those employed for the preparation of metallic salts : — 

ICOHo 



+ KHo = 



Ac«tdc ftdd. 

[COHo 

Acetic add. 



Fotasaic 
hydrate, 

-f EtHo 

Ethjlio 
hydrate. 



\COKo 

f ofcsaiiD 

\ COEto 

EthylJc 
acetftte. 



+ OH,, 



+ OH, 



But as the hydrates of the organic radicals do not act upon 
acids 00 energeticaliy as potassic hydrate, it is often advisable 
to employ the acid in the form of a potassic salt, and the radi- 
cal as a snlphoacid, thuSj with acids of the acetic series i — 



SO,Ho(C,H^.O) + { ^"^l-^ = { g-Hg.^^ 



Bolphoadd. 



Fotasfiio 



Ethereal Bait 



+so,Hok:o. 




M jdric n( 
i{iiipnat«. 



ETHEREAL SALTS. 

Monobasic acids form only one ethereal salt with each 
mouacid aleoliol ; and this salt is always neutral. 

With diacid alcohols they each form two ethereal salts, and 
with triacid alcohols three ethereal aalts. These are also neutral. 
Thus with acetic acid we have : — 

Acetic salt of a monacid alcohol :~ 
\ COEto' 

Bthjliu acetate. 

Acetic Balta of a diacid alcolial : — 

rCH^Ho fCH,-0-CMeO 

tCH,-0-CMeO- \CH,-0-CMeO- 

Monacetie glycol* Diaoetio gAjooL 

Acetic salts of a triacid alcohol :— 

CH Ho r CH -0-CMeO f CH.-0-CMeO 

CHHo , \ CHHo , \ CH" O-CMeO. 

OH,-0-CMeO [ CH^-0-CMeO [ CH, 0-CMeO 

MonacetiD. IH&cctiiiu TiiBoetm. 

Dibasic acids form, with monacid alcohols, two aeries of 
ethereal salts :^ — 

1. Acid ethereal salts, as ;— 

fCOEto 

Succinethylic acid A C.^H^ . 

2. Neutral ethereal salts, as : — 

rCOEto 

Efchylic succinate \ CS,,H^ . 

[COEto 

In the same manner, tribasic acids form with monacJ 
alcohols three series of ethereal salts, the first two of which are 
acidj and the third BeutraL 

Prolonged contact with water genemlly decomposes the 
ethereal salts, liberating the radicals of the baaea in the form of 
alcohols : — 



SO^Meo,, + 


20H, = 


= BO,Ho, 


-h 


2MeHo 


Methylie 
puiphojnetlijlate, 


Wfct*^T. 


SulpliiiTJe 




MethyHo 
ak*onDl. 
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Ebullition witb potassic hydrate, especiallj wKen the latter is 
dissolved in aJcoholj effects this transformation very speedily:^ 



1 COEto 

Ettylic 



-h. KH. 



o = {??. 



Potaiseif] 
hydrate. 



COKo 

Fot&aaic 



+ EtHo. 

Ethrlio 
alcxtaoi. 



CHAPTEE L. 



OHGANIC COMPOUinJB CONTAIH^ING TElAP AND PHUffAB ITirEOGEN 
OK THEIE ANAI^GUES. 

This numeroua family may be divided into two great claaaea : — 

1. Compounds of triad nitrogen, phosphoniB, arsenic, and 
antimony. 

2, Compounds of pentad nitrogen, phosphorus, arsenic, and 
antimony* 



I. COMFOUWBS OF TMIAD WITBOGU]^ AND OF 
ITS AJSTAZOGITES. 

This class may be again subdivided as follows : — 



Positive. 

1. Amines. 

2. Fhosphines. 

3. Arsmes. 

4* Stibines. 
5. Osybases. 



Neutrai 

1. Amides. 

2. Alkalamides. 

3. Trichlorinated and 

tribrominated amines* 

4. Haloid compounds 

of oxybaaes. 



Ne^tire. 

1. Imidea and 
nitrides. 



Of these the Amines and Amides are the most important. 

^1 




864 COMPOUNDS OP NITROGEN AND ITS ANAIiO0UE8. 

PoarriYE or Bastlofb Seoxiok, 
1. THE AMINES. 

The Amines are commoalj termed organic bases or artific 
alkaloids ; thej are divided iuto^ — 

A. MonamineB, 

B. Diarainea, 

C. Triaminea. 

D. Tetramines. 

The last two have been but little investigated. 

A, MONAMINEB, 

There are three kinds of monamines : — 

a. Primary monamiiiea. 
j3. Secandary monamines. 
y. Tertiary moaamiiies. 



a, I^rimur^ Monamines. 

General formula. 

Methyl or C„Ha,^i series ......... N(C„Hft^i)H,, 

Yinyl or C^K^.^ series ......... N(C,Ha«_i) H,. 

Phenyl or C^Ha*_j series t9lcjL^_j)'S^. 

IBbnnution* — 1. Ey the reduction of the nitro -substitution 
compoimds of the hydrides of the radicals by sulphuretted 
hydrogen, ammonic sulphide, zinc and sulphuric acid, or iroi] 
and acetic acid i — 

N(CA)0, + 3SH, = W(C.HJH, + 20H, + S.,] 

NitTObenzol. Sulphureitted AoilixLe. Water. 

2. By treating cyanic ethers with boiling solution of pot 
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hydrate. The reaetion is perfectly analogous to the decom- 
position of cyanic acid with potassic hydrate i— 

CN'^Ho + 2KHo = COKo, + NH,, 



Gyamcadd^ 



FotaBHc 
bydrftte. 






CN"'Eto + 2KHo = COKo, + NEtK, 



£tlijlic 



Pota«aio 
hydnate. 



carbonatei. 



EthjrLajxiiDe« 



8, Bj the action of the haloid ethera of the monad poBitiA^e 
radicals upon ammonia ^ and snbeequenfc action of pota^jaic hy- 
, d rate upon the product so formed : — 

■ NH, + EtI ^ "NEtKJ.. 



AminD] 



EthyHo 
iodide. 



NEtHJ + KHo = 



Iodide. 



Fotaaslo 
hjdrate. 



NEtH^ 

EthykMine. 



BtJiyl&nuLLomc 
iodide, 

+ KI + 

Fotaasio 
iodide. 



OH, 



I The following are a few of the prinmry monamines :— 

^h Methylamine NMeH^ or N(CH,)H^, 

^1 Ethylamine .„, NEtH^ or N{C,H,)H,. 

^M Amylamine NAyH, or N(C,H^JH,. 

^P Aliylamine. NAllH^ or N(C3H,)H,. 

^" Phenylamine (^«i/*we) WPhH, or W(C,IIJh,. 

Meaction, — Treated with nitrons acid, they evolve nitrogeD 
and yield the corresponding alcohols i- — 

HTPhH, + NOHo ^ PhHo + N, + OH,. 



Ph^mj-lamlnti. 



NitroDH acCd. 



Phenjlic 
aIodEdL 



Water. 



1' 

^^L /3. SeconddTif Monamines, 

^^H General formuhe. 

^B Methyl or C^^i series ......... N(C,E^j)5sH. 

■ Vinyl or C,H^_i series NCC^Ha^.O^H:. 

^P Phenyl or C^Hj^.^ series W(C«Hs5„_7)^, 

The secondary monamines are derived from ammonia by the 
displacement of two atoms of Eydrogen by monad positive 
radicals* They are sometimes called Imidogen bases. 

Mrmation.-^Bj the action of the haloid eompoimds of the 
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monad poaitive radicals on the primary monamines, and aubae- 
quent treatment with potassic hydrate ; — 

NEtH, + EtI ^ NEt^J. 

Ethjiaxniiie. Ethvlic DJetb7].ainiiianijC! 

iodide iodideu 

WTEt^J + KHo = NEt,H + KI + OH,. 

Diettjlanmiojue Fotatdti DiethflaiQiiofr^ Fotasoio WaXer. 

iodide^ hydrate. icMiidi?. 

By using the iodide of a radicid different from that already 
contained in the primary monaminCj secondary monaminea 
may be formed contaimng two different radicals, thus ; — 

NPkH^ + EtI = NEtPhHJ. 

FhenylAmioe. Ethjlio EtJijlEjiliimTUuninimic 

(Ajollme.) iodide. iodide, 

NEtPhHJ + KEo = NEtPhH + KI + OH,. 

moiiic iodide. b j^ate. (Etnjlfiuuliiie.) iodide. 

The following secondary monaminos are known :^ — 

Dimethylamino NMe.H or N(0H3)^H, 

Diethykmine NEt.H orNCC.HJ^H. 

Methylethykmine NMeEtH or N(CH^) (C^H, )H. 

Ethylamylamine ......,,. KEtAyH or N(C,H,)(G,H„)H. 

Etbylpheiiykmine . . . „ . NEtPhH or N(C,H j(C„H JH. 

Piperidine , N(C,K,J'H. 

Conine N(C,H;J'H, 

y. Tertiary manamines* 

M^rmation. — By acting upon the secondary monaminea with 
the iodides of the monad positive radicals, and subsequent 
treataient with potaasic hydrate ; — 

NEt^H + EtI ^ NEt,HI. 

DIutbTlami&e* Ethjlio Triethjkmmonk 

iodide. iodide. 

irat,HI + KHo = NEt, + KI + OH,. 

Triethjlaimnoiuo FoCasnio Tnethjlamioe. Fotaasic Wai.«r. 

iodide. lijdnkto. iodido 
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By varying the radicals, tertiary monaminea with seyeral 
different radicala may be formed. The following are a few of the 
known tertiary TDonamiiies i— 

Trimethylamine NMeg or ^{CHJa. 

Triethylamine NEt^ or N( C.H,),. 

Triamylamine ^^J^ o^ ^(^5111^)3. 

Methyl^ethyl^phenylamine NMeEtPh or N(CH J(C,H,)(C,H,). 

Pyriine M(C,H,)'". 

Picoline ,..,. , N(C,H,)"\ 

Lutidine N(C,HX. 

ColHdiiie jr{C,HJ'^ 

Parvoline .,. N(C,HJ'". 



The constitution of the triad radices contained in the last 
five bases is not known. 

Tertiary nionamineSj when acted upon hy the iodides of 
monad positive radical s, yield iodides which are not decomposed 
by potassic hydrate* In this manner tertiary monaminea may be 
distinguished from primary and secondary monaminea. The 
three may be distinguished from each other by the alternate 
action of ethylic iodide and potasaic hydrate : thus, aa we have 
just seen, tertiary monamines are recognized by producing im- 
mediately iodides which are not decomposed by potassic hy- 
drate ; a secondary monamine, however, produces an iodide 
decomposable by potassic hydrate ; but the base thus liberated 
is tertiary J and will therefore be transformed immediately into 
the etable iodide by a second application of ethylic iodide. A 
primary monamine requires three applications of ethylic iodide 
and potassic hydrate to produce the same result. 



B. DIAMINES. 

Mrmaiion. — ^The diamines are formed by coupling together 
two atoms of nitrogen in two molecules of ammonia, or of a pri- 
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mary or secondaiy montuniiie, by a dyad radical, wbich at the 
same time takes the place of two atoms of hydrogen ; thus: — 



fNH, fNH ( 

J Et" . \ Et", . \ 



NH 

Et",. 
NH 

Becondary 



IN (UM" 

Et", or JEt" . 
IN iNEt" 



This reaction is effected bj treatmg ammonia or a primary 
or secondary monamme with the haloid aalt (preferably a bro- 
mide) of the dyad radical, thus i~ 



2NH, 



Ef'Br, = 



Ethjietkic 
dibroimde. 



NH3Br 

Et" 
NH,Br 



Eth jknr-di nmmimic 
dibromide. 



When the salts of ethyleBe diammonium are decomposed by 
potassic hydrate, an oxide of the hasyloua radical is produced, 
thus :^ 



WH,Br 

Et" 
NHgBr 

Ethylene-diBm- 
momc dibroaude* 



+ 2KHo 



= { 



Fotasaio 
b^drate. 



Et" O 
NH,-i 



Ethyl f!'nf!-di am- 
nionic oxid& 



+ OH, + 2KBr. 



Water, 



Potoatio 
bronude. 



In this respect the diamines differ from the moaamines. 
Urea and its derivatives belong to the class of diaminea. 
These compounds are produced by boiling a solution of 
ammonic cyanafce or ethylammonie cyanate, or a homologiie of 
the latter. In these compoundBj the two atomi of nitrogen 
are held together by the dyad radical carbonyl, CO : — 



Ammonic CTacate. 




CN"'(N'^EtH,0) = 



£!tli7l-ammoiiia 
qraoate. 
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Ureas in which etkjl and otiher monad baayloua radicals are 
Bubstituted tor hydrogen may also be obtained by the action of 
Eunmonia or a monamine on the cyanic ethers, thus : — 



riiHEt 

CN'"Eto + HH, s 4C0 . 

BAjhe AmmomkL Mtkjiarea, 

fHHEt 
CN"Bto + HH^ = JCO . 

[HHEt 



cjaaate. 

BeaeHim. — ^Urea is decomposed by nitrons anhydride : 



I 



CO + ir,0, « CO, + 2N, + 20H,. 

va. 

Urea. HltroiM Cathone Water. 

anhydride. aakydodfe 



The following is a list of the best-known diamines :- 

/"^ 

Ethylene diamine x Et" . 

JHHEt 

Ethylene diethyl diamine 

iNHEt 



[NH, 
tJrea {CO. 

[NHEt 
Ethyl nrea < CO . 

[NHPh 
Solphophaiylarea < C8" . 



li 

\ Et" 

II 
li 
li 



TL^ 
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THB I^ATUBAL AZKALOTDS. 

Of the constitution of these organie bases very little h ' 
known. The following is a list of the chief of them, with the 
sources whence they are derived :■ — 

Alkaloids from C^ium. 

Morphine Ci,H,,N03. 

Codeine , C,,H,,NO,, OH^. 

Thebaine C^,Il^j!iOy 

Papaverine CgoHaiNO^. 

Nareotine. C,,I^NO,. 

Narceine C^^H^NO,. 

M'om Oinchmm Bark. 

Quinine ., C,,H,,N,Oj. 

Cinchoniae Cia^Sai^a^* 

Aricine ,..,. CggH^gNj^O^. 

From Tobacco. 
Nicotine OioH^^Xj,. 

From Nux vomica. 

Strychnine C^,H^N,0^. 

Brucine ^^^^fiv 



2, 3, 4f. TRE FSOSFHIWES, AESINFS, 
AJ^B BTIBmFS. 

These bases cannot be obtained, like the amines, by the dia- i 
plaeement of hydrogen in phosphuretted, arsemuretted^ and! 
antimoniuretted hydrogen. The tertiary compounds only are j 
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known ; and thej are produced b j reactions of which the follow- 
ing maj be regarded as tjpes : — 

+ SEtl 



A»m3 

Sodic 



Ethj-lic 



A»Et, 



+ 3NaI. 



Sodia 
iodide. 



SZnEt, + 2PCI3 = 2PEt, + SZnCla* 



k _. 

' oxygen, in consequence of which they are generally iponta- 
. jieougly infiammable. 






Phosphoroufl 
txicbioride. 



Trlethyl- 
phoBpbiiie. 



Zmcic 
cJiloride. 



5. OXYBASES, 

These compounds are only known in the arsenic aerieB. 



Arsemous osLyhase«, 

Only one of these, cacodylic oside^ has been carefully in- 
vestigated. 

By the distillation of potassie acetate with araenions anhy- 
dride, a compound known as cacodyi, 'As'^^Me^, is produced* 
Thia substance may also be prepared by the action of methylic 
iodide upon an alloy of sodium and arsenic containing 

»'AM'\'Nsi, + 4MeI = 'As'^Me, + 4KaI. 
SckLlc Methvlic Cacodyi. Sodic 

araenide, iodide- iodide. 

By allowing caeodyl to absorb oxygen slowly, an oily hquid 
containiiig cacodylic oxide (As^Me^O) is formed. 

This oxybase does not appear to unite witk oxygen acidB, 
but it is attacked by hydrochloric acid, forming cacodylic chlo- 
ride ;— 



2HC1 = 2AaMe,Cl + OH.. 




Cacodjlic 
cfaloride. 



Water. 
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Cacodjlic oxide, when exposed to moist air, absorbs water 
and oxygen, forming cacodylic acid : — 

Ai,Me,0 + 0, + OH, « 2AiMe,OHo. 

Oacodjrlio Water. OModrlio 

oxide. MsuL 



CHAPTER LI. 

ORGANIC COMPOUNDS OF TRIAD NITROGEN AND 
OF ITS ANALOGUES (continued). 

Neutbal Sectiok. 

1. THE AMIDES. 
These compounds are formed by the substitution of amidogen 
(NHj) for the oxatylic hydroxyl of organic acids. They are 
most conveniently written on the diadelphic type, but may also 
be formulated upon the ammonia type. 

If the acid contain only one atom of oxatyl, a monamide is 
the result ; if two atoms of oxatyl are present in the acid, a 
diamide is generally formed, &c. Secondary and tertiary com- 
pounds can also be produced, as in the case of the amines ; but 
they belong to the negative section of this family. 



Acetamide : — 



A. MONAMIDES. 
I. Frimary Moncmides, 



[^f orTmiC^^),or[%l^^^. 



Chloracetamide :- 



|CgH,Cl)0 „^ NH,[C(CH,Cl)0].or {ggf]. 

mzamide : — 
|Cg.H.)OorNH,[C(C.H.)0],or{gg2?'^H. 
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the monobasic acids : — 




I 

2 

b 



\CO(N-H.O) 



- { 






+ OH, 



B J the action of atniDOiua upon tlie 
fCH. 

tcoci 



Acetjrlie 
cfaloridfr. 



^^' = {cO(N HJ 



+ HCL 

Hjdroelilaeic 



3. By the action of ammonia on the ethere^ salts of the 

moBobaaie acids :■ — 



b 



[COEto 

EtbyUc 






- 1^^ + 

- tC0(X"'HJ + 



EtHo. 



ReaMom, — 1. Boiled with aqueous solutiona of acide, the 
primarj monaiixides yield ammonic salts and acids :— 

(c5(N"'H,) + HCl + OH, = NH.C1+ {ggfe^. 



AeetAmide. 



HydrtMihloric 



Water. 



Amnionic 
chlDride. 



Acetio 



2, Boiled with potasaic hydrate, ammonia is evolved, and 
a potassie salt, corresponding to the amide, is formed. 

fCH, . ^„„ ^ «ir , fCH3 



tC0|N'"HJ 



-J- KHo = NH, 



Aoetamide, 



FoCaaiio 
lijdnito. 



Ammojuo* 



tCOKo' 

Fotawio 



II. Secondary Monamides, 



Diaeetimide ... N(CMeO),H or ^ NH 

CO 
CH, 

CO-i 



OH. 
CO 



Succinimide 



NH 



rfco -| 

C,H. 



[I 



CO 



or 



Et" (N'"H)" 
CO-i 
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These bodies possess a negative character, and are treated of 
under th^ negative eection of this class as imidee (p. 376). 

Tertiary imnamideB are little known. They are the nitridet 
(see p. 376). 



B. DIAMWMB. 

The diamides may he regarded as derived from two molecules 
of ammonia, by the substitution of a dyad negative radical for 
two atoms of hydrogen ; or they may be considered as formed by 
the aubstitutioD of amidogen for the hydromyl contained in the 
two atoms of oxatyl in dibasic acids :^ 

Frimar^ Diamides, 

^-.. fCOAd 

' I COAd- 



Oxamide 



(CA)" 



Succinamide . . . N,H,(C,H,0 J'^ or N^H^ 



COAd 
Et^^ , 
COAd 

Formation, — 1« By the action of heat upon the neutral am- 
nionic salts of dibasic acids :— 



fc^T 'J 

\ Et" L or ^ 
[CO J [ 



r CO(N^H,0) 

\ co(isr*H,o) 

Ammonic gialate. 



rCO(N"'H,) 
tC0(N"'H,) 

Otamide. 



I 



+ 20H., 

Water. 

2. By the action of ammonia oa the ethereal salts of dibaaic 

acids : — 

f COEto 
\ COEto 



, 9HrH - /CO(N"'HJ 



Ethjlic 



Oxntoide. 



2EtHo. 

Alcohol. 



3. By the action of ammonia on the chloro- dibasic acids :- 

^CO(^^"'HJ 



4NH^^ + 



( COCl 

^Et^' 
[ COCl 

Sutviiiylio 
chloride. 



fCO(N"'H,) 
= J Et" 

[CO{N"'H.) 



+ 2NH.CL 



Baodnamlde^ 



noiuff 
cMoiide- 



The secondary and tertiary diamides are but little known. 



^ 
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C. TMIAMIBES, 

Frimary Triamiies, — ^The primary triamides may be regarded 
as derived from tribaeic acids by the eubBtitution of amidogeu 
for tbe iiydroxyl contained in tlie tbree atoms of oxatyl of 
these acidSj or as derived from three molecules of ammonia by 
the displacement of three atoms of hydrogen by the i^sidue of 
a tribaaic acid, A good example of a triamide is 

rCHHo(COAd) 

Citramide \ CH(GOAd) or N3H,{C,H,0,)"': 

[ CH,(COAd) 

Citramide is formed by the action of ammonia on ethylic 
citrate. 

Secondary and tertiary triumides have not yet been formed. 

2. TRE ALKALAMIBES, 

These compounds are intermediate between the amxiies and 
the amides. They are derived from ammonia by the snbati- 
tntion of part of the hydrogen by posit ive, and part by negative 
radicals ; and inasmuch as two atoms at least of hydrogen must 
be ao substituted, no primary alkalamide can exist. 

Secondary and tertiary monalkalamides, dialkaJamidee, and 
trialkalamidee are known. 

Ethyl acetamide NHEt(€MeO). 

Ethyl diacetamide ,... NEt(CMeO)^. 

Diethyl oxamide N^H^Et^(C,0 J". 

Diphenyl-earbonyl^oialyl diamide . N,(C,H,)^(CO)"(C,0,)". 
Citryl-triphenyl-triamide ...,.,,.,.. Tr^H^C^H J,(C,H,0,y". 
The alkalamide a incline towards basicity in their character, 
their degree of alkalinity being about equal to that of urea. 



3, THE TEICHLOEINATMB AMD TEIBEOML 
NATEB AMIJSrES 

If the hydrogen in an amine be gradually substituted by 
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chlorine or bromine, the b&sic power of the amine gradually 
diminishee, and finally a neutral compound ia obtained. 

This reaction baa been studied in the case of aniline, whicb 
loses basic energy by the successive displacement of two atoms 
of hydrogen, and finally becomes neutral by the substitution of 
three atoms of cHorine or bromine for three of hydrogen :■■ — 

NH,(C,H.). NH,(C.H.C1). IffH,(CACy. NH,(C.H,Cy. 

CUoiwitliae. Diohlor&niliiie. TdcMprKoilioe. 



4. TMi: MALOIJ} COMFOUJSrDS OF 0XYBASM8, 

These bodies are only known in the arsenic series ; they are 
formed by the action of chlorine, bromine, or iodine upon 
cacodyl and its homologues, or of hydrochloric acid, hydro- 
bromic acid, or hydriodic acid upon the oxy bases. 

Q-enoral formula As ( CnHan^ i) jjCl. 



Ne^attte Seotiok. 
THE IMIBm AUTB mTEIBEB. 

General formula.,, j^f ^^^ides... NH{aH^.,0),, 
I of nitndes . N(C«Hj«_iO)3. 

formation. — By the action of chloraeids (the so-called chlo- 
rides of negatiTe radicals) upon amides ; — 

NH^(CMeO) + CMeOCl = NH{CMeO), + HCI. 

Aoetttmide. Aiaetrirlio Diftoetiinide. Hjdrodilorio 

chioridcu adi4 

A repetition of this reaction gives acetylic nitride* 
An imide may also be formed by the substitution of a dyad 
negative mdical for two atoms of hydrogen in ammonia, thus ;^ 

Succinimide ,, NH(C^Hp,)", or WH J Et" I 

L[coJ 

These bodies have hitherto received but little attention. 
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CHAPTER LII. 

n. coMFouj^jys of fbwtad i^iteoqen 

AMD OF ITS JJHALOQUm. 
Th^A clasH of eompoiinda containa the following series x — 



1. Catutia Kitro^n hasea. 
a. M FboBpnoms b&aes. 

3. t, AffliBnic bases, 

4. tf AntUaon^ bases. 

5. Oxjnarftemc bafleB. 

6. Oxj&otimoiiio bases. 



L Bfilta of Amines. 

2. yt FhoflpMaeB. 

3. „ Areinea, 

5. ,f Oxyara«iuu baaefl. 
6L „ OjyantimoBin baaea. 



X. Ot^dlIc Kraemo 
acidft, oiycblo- 

lideB, ana cblo- 
rides, 
2. Orgomc aoitimo 
nio acids. 



FOSITIVF or SASYLOWS OOMFOUJSrDS. 

1, Ckustic Nitrogen Bases.—* 

General formula ...... M'( C»Haii + 1 )iHo. 

In each radical n must be a positive integer. The radicab 
need not be all of the same atomic weight. 

Formation, — By the action of argentic hydrate upon the 
iodides of the compound ammoniums : — 

NEt.I + AgHo ^ lUEt.Ho 

Arigpntic 
byarate. 



nJQ iodide. 



Tetrethjlanmio*^ 
nio hydrate. 



+ Agl. 

Areentio 
iodide. 



2, Caustic Phosphorus Sases, 

3, CatLstiG Arsenic Ba^es, 

4. Cattstic Antimony Bases.-*^ 

By displaciDg the N" in the above genei^ formula and in th© 
equation by P, A*, and Sb^ the conetitution and formation of 
these three aeries of compounds wOl be expressed. 

5. Osyarsenic Bases. — These bodies, which are diacid bases, 
are obtained by the slow oxidation of the tertiary monar- 
aiiies:— 



Tertla^ monaraine. 




+ = 



O^rananio !}a84. 
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6. OxycmtimonicBasea, — These are formed in a maimer exactly 
analogous to that in which the oxyarsenic bases are produced. 



NEUTRAL COMPOUNDS. 
1. Salts of Ammes. 
General formuls : — 

N(C«H2n+l)(C^H2«+i)3Cl. 

N,(CnH^)''(CmH3m)"ACl,. 

N3(CnHa„-iy"(CmH3«.l)'"ACl3. 

In the first formula m may b ; in the second, Cm Hs^ may be 
displaced by H, ; and in the third, CmHsm-i may be substituted 
byH,. 

Formation, — Like the analogous compounds of ammonia, the 
salts of the amines are formed by the direct union of acids with 
the amines without elimination of water, thus :^- 

NEtH, + HCl = NEtHgCl. 

Ethylamine. Hydroohlorio Ethvlammonio 

aoid. chloride. 

The haloid salts of the amines may also be produced by the 
union of the haloid ethers of the monad positive radicals with 
the amines (for reaction see p. 365). 

Character. — The salts of the diamines and triamines are often 
found to contain only one molecule of acid, instead of two or 
three as shown in the above general formulae, which indicate the 
composition of the normal salts. The nitrogen atoms are in 
such cases united together by one of the bonds of each, 
besides being linked by the polyad radicals, thus : — 

W^(CnH2n)"(CmH2^)",H(N03); ^XN3WCnH2„-i)'"(CmH2m.i)"',Ha 

The diflference between these two classes of salts will be ren- 
dered more evident by a comparison of the following graphic 
and symbolic formulse : — 
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Normal Salts. 

or N,H„Et"C!„ or \ Et" . 

0/ ^ 0/ N0 tWH,Cl 

Ethylene-diammoiuo bichloride. 
®V /© „ ©X /® .. ©N /© 

@ 0^21^S>__^ 

©^ ^ g ©^ X=) 

Diethjlene^triAimiioiiit] trieliloride. 

I Et" 
or W,H,Et",Cl, or < MH„C1. 
[ Et" 

Monadd Salts. 

©. /© „ ©X /© fBTH 

@ orW,H,Et"Clor ShCI^'*- 

©/X Tn© 

Kthylene-diammoaic monochloride. 

©\ /© „ ^— -:;— ^ /© 



0/^ -^^ ©^XSi 

l^iethyie jie-triiuiuiiOQie monCKrhloride . 

or '^(N3)''H,Et",Cl or JnH%,„. 



Diacid Salt. 

©\ /© „ / ; — vy© 

® (5) — © — © — 

©/-0 ©/-^©i ©/^ 

Diethjlece-tiriaiimionio dlohlonde. 

or "(N,)-'H,Et';Cl, or jgHl^J*: 
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2. Salts of I^hosphines. 

3. Salts ofArmnes, 
4- Salts ofStihines, — 

Theae tkree series of salts all present close analogiea witb the 
salts of the amines both in eonstitution and m the mode of their 
formatioiu 

5. Salts of Oa^m'smie Bases. 

A«(C„H^+0bC1.. 
J^brvmtion. — ^Bj the action of acids on tlie oxy arsenic bases: — 

AaMe^O + 2HC1 := ABMe3Cl^ + OH^, 

Arsenic Hjdrodilciric Arsenie trunetho- Water. 

trisieUio^de. aoid» dJ chloride. 

6. Salts of Oio^antimanw Bases. 

These resemble the previous salts in formation and consti- 
tution. 



l^EGATIYE or CHLOROUS OOMFOUNBB. 

1. Organic Arsenic AcidSy Oa^ehlorideSy and Chloride. 

The following are the principal bodies of this class :— 

Monomethjlaraenic acid AiMe H o j. 

Arsenic ox jdichlormethide ... . AsMeOCl^. 

Arsenic tetrachlormethide AEMeCl^. 

Cacodylic acid ..., ABMe^OHo. 

Oacody lie trichloride AaMCj^Cl^. 

2, Organic Antimmic Acids, 

No exploration of thii aeries has yet been made, Thet] 
members of it will doubtless be found to present close aaalogiei] 
with the corresponding series of arsenic compounds. 
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CHAPTER LIII. 

OEaAKOMETALLIO BOBIEB. 

This term is applied to a family of compounds in wkich an 
orgatiic radical ia united directly with a metal ■ and it serves to 
distinguisli them, from other organic compounds contaioing 
metals J in which the metal and organic radical are indirectly 
united or linked to each other. 

Thua zincic ethide is an organometallic bodyj while zincic 
ethylate and zincic succinate are organic bodies containing 
metals : — 



Zincic ethide . . . ZnEt^. 
Zincic ethylate . . , ZnEto, 

© 
© 
© ® 





Zincic succinate 



...■I C,H. Zino" 

too 1 



© (°) 

®-(f)-©H©-^ 




Many organic compounds containing metals are the deriva- 
tives of organometallic bodies i thus zincic ethide by osidation 
yields zincic ethylate — 




ZnEt^ + Oa 



Zinoio 



ZnEto, ; 

Zindo 
ediylate. 
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and by further oxidation zincic ethylate can be converted into 
zincic acetate — - 

CMeH,rA rr , nf-\ CMeOry .. , ^r%TT 
CMeH^''° +20 =CMe02°'' +20H,. 



Ziiid,G ethjrittte. 



Zhu^motitaie, 



Wftter. 



Ajaother instance of the derivation of organic bodies con- 
taining metals from organoinetaUic bodies is eeeix in the for- 
mation of potassic propionate by tlie action of potaasie ethide 
upon carbonic anhydride : — 



CMeH^K 


+ CO, = 


f CMeH, 
^COKo 


FoUHic 
ethide. 


Carbonic 
anlijtlride- 


Pafaianc 



^ormution of organmrwtalUc bodies, 

Organometallic bodies are produced in a large number of 
reactions^ which may, howoTor, be classed under the following 
four heads : — 

I. By the union of monad positive radicals in statu nagcenH 
with a metal, or by the coalescence of a metal with the iodide of 
a monad positive radical , 

Thusj when zinc and ethyiic iodide are heated together ta 
lOQP in closed vessels, zincic ethide is formed : — 



2EtI + Zn, = ZiiEt, + Znl,. 

Ziadc Zfncio 

ethido. iodide. 



iodidu. 



Sometimes light may be employed instead of heat to effect] 
this change, as in the case of the organo-tin compounds. In] 
the formation of organo-mercury compounds by this method^ J 
light is indispensable to the reaction i — 

EtI + Hg ^ HgEtl. 



Iodide. 



M^renric 
i;tIiiodide. 



II. By the action of the respective metals alloyed with potas- 
sium or sodium upon the iodides of the monad positive radicalii. 
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By this procesB there is less tendency to form compoimda 
containing both positive radicals and negative elements. Potas- 
siian or sodium compounda are never produced in tliis reaction, 
because they cannot exist in the presence of ethylic iodide or 
ite homologues. This process is well adapted for the formation 
of arsenic, antimony, tin, mercury, lead^ bismuth, and tellurium 
cjompounds: — 



4EtI 

Ethiflic 
iodldp. 



+ Snl^a, 

Tin soditun 
alloy. 



2EtI -h HgNa, 



Ethjrlio 
iodide. 



BodJum 



= SiiEt, + 4NaI, 

Stannic Sodie 

ethide. Iodide, 

= HgEt, + 2NaI. 

Mt^ruuric 9odie 

«thide. iodide. 



Ill, By the action of the zinc compounds of the monad 
positive radicals upon the haloid compounds, either of the 
metals themselves, or of their organo- derivatives. 

For the production of organometaDic bodies containing lees 
positive metala than zinc, this method is generally the most 
convenient J and is of moat universal application. Compounds 
containing mercury, tin, lead, antimony, and arsenic have been 
thu^ produced ; but the process has failed when applied to the 
haloid compounds of copper, silver, platinum, and iron ; for, 
although these bodies are violently acted upon, the organic 
radicals do not unite with the metal \ — 



Sua. + 


ZnEt, = 


= SnEt,Cl, 


+ 


ZnCl,. 


Btannio 
iiUoride. 


Zincic 
ethidt. 


Stannic dichlor- 




Zindc 
ohJonde. 


SnCl, + 


2ZnEt, 


^ SnEt, 


+ 


2Z11CI,. 


Stannic 
chloride 


Zincio 


Staniue 
ethide. 




Zincie 
chJDTid& 


laigEti 4- 


ZnEt, 


= 2IIgEt3 


+ 


Znl,. 


Monniric 
etModide. 


Zincie 
ethide. 


Mi:'reoTic 
t'tiiide. 




Zindc 
iodide. 


1 IV* By the displacement 


of a metal in 


an 


organom 



compoimd by another and more positive metaL 

This method has been succeBsfully employed for the forma- 
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tion of the organo-compoimda of potasBiumj sodium, lithium, 
aluminium, and zinc. In the first three cases the reaction takea 
place at ordinary temperatures, some of the original compound 
entering into the composition of the resulting organometallic 
body :— 



SZnEt, 


+ 


Na. 


^ 


2ZnNaEt, 

6odiesiMlQ 
ethide. 


+ 


Zn. 


BHgEt, 

ethJdfi. 


+ 


M 


= 


'Al"',Et. 


+ 


3Hg 


HpAy, 

unflidii. 


+ 


Za 


== 


ZiuVy, 

Zincio 
omrlide. 


+ 


Hg- 



B^aetions of organometallic bodies* 

1, The most interesting reaction of the organo^ compounds 
qf the monad metah 19, their fcransformation into salts of normai 
fatty acids by the action of carbonic anhydride (see p. 301). 

2, The organo- cmnpounds of potassium and sodium decompose 
the iodides of the monad positive radicals in the cold, forming 
hydrides and dyad radicals : — 



Sodio 
ethiddu 



+ C,H,I = Nal + C,H.H + 



Ethjlio 
iodide. 



Sodio 
iodide. 



Ethyllo 
hydride. 






S. The organo' compound of zinc are decomposed bj water, 
with formation of the hydrides of the radicals :— 

ZnEt. + 20IL = ZnHo, + 2EtH, 



Zindo 
ethide. 



20H^ = 

Water, 



hydrate. 



Ethjrlic 
hy^dfl. 



4* By the alow action of dry oxygen, they pass through two 
stages of oiLidation :— 



ZiiEt, + O = 



Zinoio 
ethide. 

ZnEtEto + 

Zincic ethide 
elhjlaie. 



o = 



ZnEtEto; 

ZiQcio ethide 
ethylflte. 

ZnEto,. 

Zincio 
ethjkte. 
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5. Monad negative elements, sucli aa iodine, remove aecces- 
aively the two atoms of ethyl : — 

ZnEt, + I„ = ZnEtl 



+ EtI: 

BtbjUo 
iodide. 

ZnEtl + I^ = ZiiL + ML 



Zindo 
etkide. 



Zincic 
ethiodide. 



ethjudjde. 



iodide. 



Eth^lio 
iodide. 



6* The organo-ziac compounds are estremely useful for the 
diBplacement of chlorine or its analogues by ethyl or its homo- 
lognes : — 



2PC], + 3ZiiEt, = 2PEt3 + 



Pho«i)borcrtiB 
trickloride. 



Zxiicic 
etUide, 



Tri*?tbyl- 
|vho«pbiiiie» 



SiCl^ + 2ZnEt, = SiEt^ + 



cModde. 

fC,H,Cl 

'l H 

ChforefliLT. 
C,H,Et 

Ethylo- 
oklorethur. 



Zincid 
ethide. 



SiUcio 
«tMd.e. 



3ZaCl,. 

Zitidc 
chloride. 

2ZnCl . 

Zincsic 
ohJoridp, 



+ ZnEt, 



Zmcic 
etbJde. 



fC,H,Et 



+ ZnEt, = 2 



ZinoiGi 
ethide. 



Ethjlo- 
chlorether. 

C,H,Et 
O 
I C,H Et 

Diedijlated 
eth^lia ether. 



+ ZnCl,: 



chloride* 



+ ZnCL 



Zincic 
chloride. 



Diethyl ated ethylic ether is isomerie with hutylic ether, and 
contains the radical metliylo-ethylated methyl (see p. 205). By 
oxidation it would doubtless give methylated acetone (p. 360), 

7. Oxygen may also be displaced in a similar manner. 
Thus :-- 

N.OEt.o^^^^ ,, N.mo. 

N,OEt-0_i 

Zincto dimtfo^etb jlate. 



2'N",0, + ZnEt, = 



"'■ WEtO^""' 



Kitric 
oxide. 



Zincic 
ethide. 



This compound is analogous to zincic propionate, the latter 
containing two atoms of tetrad carbon in the place of the two 
tetrad pairs of mtrogen atoms :— 

COEt-O-n cEtO. 



Zincic propionate 



COEt-0- 



or 



CEfcO 



Zno". 
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8. An analogous reaction is observed with sulphurous anliy- 
dride: — 

Sulphnroiu Zinoio Zincio methyldithionate. 

anhydride. methide. 

9. When ethylic borate is acted upon by zincic methide, the 
ethoxyl becomes replaced by methyl : — 

BEto, + dZnMe, » BMe, + d2SnMeEto. 

Ethylio Zinoio Bono Zindc methide 

borate. methidot methide. ethykte.;! 

10. When ethylic oxalate is heated with zincic ethide, and 
water afterwards added, diethoxalic ether is formed : — 

(coUo+*»Et, + 20H, = {gg*^^o ^ jB^H^^-^ EtHo. 

Ethylio Zinoio Water. Diethozalio Zinoio AloohoL 

oxauite. ethide. etiier. hydrate. 

11. By the action of ammonia, or of certain amines and 
amides, zincic ethide exchanges its zinc for hydrogen : — 

ZnEt, + 2NH3 = ZnAd, + 2EtH. 

Zincio Ammonia. Zinoio amide. Ethylio 

ethide. hydride. 

12. The organo-zinc compounds, by losing one of their 
organic radicals, become monad radicals, as shown by the fol- 
lowing formula) : — 

Methylozincic dinitrome- 1 '^'^ 0Me.0-(ZnMe). 
thylate J 

Ethylozincic dinitroethy- f ,^n OEt-O-(ZnEt). 

late I ^ 

Ethylic ethylo-zincic di- f CEt .O-(ZnEt) 

ethoxalate \COEto 

13. MercuHc ethide, when treated with bromine, loses one- 
half of its ethyl, which is displaced by the negative element -" 

HgEt, + Br = HgEtBr + EtBr. 

Merourio Merourio Ethylio 

ethide. ethobromide. bromide. 
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14. Mercuric methide, when submitted to the action of mer- 
curic iodide, yields mercuric methiodide : — 

HsMe, + Hgl, « 2HgMeI. 

Meroniio Meroorio Merourio 

methide. iodide. methiodide. 

The hydrates corresponding to the mercuric ethobromide and 
methiodide have been produced. They are powerful caustic 
bases, of the fbrmulsB 

HgEtHo and HgMeHo. 

Mercnrio Meroorio 

ethohjdrafce. meihohjdrate. 

15. The organO'StamMyus compounds unite directly with 
negative elements, passing into stannic bodies : — 

SnEt, + I, = SnEtJ,. 

Stannous Stannio 

ethide. iododiethide. 

16. Hyj^ostarmic organo-com^ounds undergo a similar trans- 
formation : — 

'Sn"',Ete + I, = 2SnEt3l: 

Hypostannio Stannio 

ethide. iodotriethide. 

SnEtal + I, = SnEtJ, + EtI. 

Stuinio Stannio Ethjlic 

iodotriethide. iododiethide. iodide. 

17. Eypostcmnic ethodmiodide is formed by the action of 
iodine upon stannic ethodimethide : — 

2SnEt,Me, + I, = 'Sn"',EtJ, + 4MeI. 

Stannic Hypostannio Methvlic 

ethodimethide. ethodiniodide. iodiae. 

18. Stannic ethide^ when treated with hydrochloric acid, 
yields stannic chlorotriethide and ethylic hydride : — 

SnEt, + HCl = SnEtgCl + EtH. 

Stannio Hydrochloric Stannic Ethylic 

ethide. acid. chlorotriethide. hydride. 

The oxide and hydrate corresponding to the stannic chloro- 
triethide are known ; their formulfiB are : — 

fSnEtj 
Oxide... ^O ; Hydrate... SnEtgHo. 
[ SnEt, 
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These compounds, and the salts which they form, correspond 
in composition, constitution, and, to a certain extent, in pro- 
perties, with the compounds of methyl : — 

AloohoL Haloid ether. Ether. 

MethyHc CH,Ho. CH,C1. ]o . 

rSnEt, 
Stanntriethylic ... SnEtgHo. SnEt,Cl. < O 

19. Stannic chlorodiethide is readily reduced to stannous 
ethide by the action of zinc : — 

SnEt^Cl, + Zn = SnEt, + ZnCl,. 

Stannic Stannous Zinoic 

chlorodiethide. ethide. chloride. 

20. Ferplumbie ethide resembles stannic ethide in its re- 
actions; thus with hydrochloric acid it yields perplumbic 
chlorotriethide and ethylic hydride : — 

PbEt, + HCl = PbEt.Cl + EtH. 

Perplumbic Hydrochlo- Perplumbic Ethj;Uc 

ethide. rio acid. chlorotriethide. hydride. 

21. Perplumbic triethohi/drate (PbEtjHo) is a powerful base, 
forming salts with acids. 

22. The organo-tellurium compounds form oxides and salts. 
The following are the formula of tellurium ethide and some of 
its compounds : — 

Tellurium ethide TeEt^. 

Tellurous diethoxide TeEtfi. 

Tellurous diethiodide TeEt^I,. 

TeUurous diethosulphate TeEt,(S^O J". 

Constitution of Organometallic Bodies, 
The organometallic compounds are constituted on the types of 
the metab they contain. It was, in fact, the study of these 
bodies which first led to the doctrine of the atomicity of 
elements. They afford striking examples of monad, dyad, triad, 
tetrad, pentad, and hexad types. 
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The organic derivatives of the monad metals are formed on 
the type of potassic chloride (KCl) : — 

® © 

0-0 ®-^-<£)-® 

® (2) 

Fotassie chloride. Potassio ethide. 

The organo-zinc, cadmium, magnesium, and mercury com- 
pounds are formed upon the type of zincic chloride (ZnClj): — 

® 
0-@-@ 

Zincic chloride. 




Mercuric iodethide. 



The organo-aluminic compounds are formed upon the type 
of aluminic chloride ('A1'",C1») :— 




Almninio chloride. 



(SH0-® ®-0-® 
® ® 



Almninio methide. 



The organo-tin.compounds are formed upon the three types 
"Sn"CL„ 'Sn"',Cl,, and SnCl^,— the first resembling the zincic 
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chloride type, and the second the aluminic chloride type (see 
p. 389) :— 





©-©-© 

Telloriiim chloride. 

©-(SHS) 



Stannio tnethc^jdrate. Distannio hezethoxide. 

The inorganic types of the organo-tellurium series are TeCl, 
and TeO, : — 

Telluroas oxide. 
Tellariam ethide. TellurouB diethoxide. Tellurons diethiodide. 

The organo-arsenic, antimony, and bismuth compounds are 
derived from the types ' A»",S"^, AsClj, AsOHo,, SbCl,, SbCl,, 
BiCl3, and BiO,Ho (see pp. 370, 377, and 380):— 

©-r 





Monomethylarsenio add. 




Arsenic oxjtrixnethide. 
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TTlie effect of the substitution of positive for negative radicals 
in compounds is well exhibited in the case of arsenic acid, 
ABOH03, as illustrated in the above graphic representations. 
By the substitution of one atom of methyl for hydroxyl, a 
well-defined acid (less negative, however, than arsenic acid) 
is produced, monomethyl arsenic acid, AsOMeHo^. By the 
replacement of a second atom of hydroxyl by methyl, a very 
feeble acid, cacodylic acid, AsOMCaHo, is obtained. By the 
replacement of the third atom of hydroxyl by methyl, the 
acid properties are completely destroyed, a feeble base, the 
arsenic oxytrimethide, being formed, AsOMCg. Einally, by the 
substitution of methyl and hydroxyl for the remaining atom of 
oicygen there is produced a powerful base, tetramethylarsenic 
hydrate, AsMe^Ho. 

The following is a list of the principal organometallic 
bodies at present known : — 

I. Organo- compounds containing monad metals : — 

Potassio-zincic methide KMe,ZnMe2. 

Potassio-zincic ethide KEt,ZikEt^, 

Sodio-zincic ethide NaEtjZnEtj. 



Lithio-zincic ethide LiEt,ZnEt. 

Lithio-mercuric ethide LiEt,HgEt2. 
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II. Organo- compounds containing dyad metals : — 

Magnesic ethide MgEt^. 

Zincic methide ZviMe^, 

Zincic ethide ZnEt^. 

Zincic amylide ZnAyj. 

Mercuric methide HgMea. 

Mercuric ethide HgEt^. 

Mercuric methiodide HgMel. 

Mercuric ethonitrate HgEt(]Sr^03). 

Stannous ethide "Sn"Eta. 

Tellurium methide TeMe„. 
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ni. Organo- compounds contaimng triad metals : — 

These compounds belong to the 11th family of organic 
bodies, and have been treated of at p. 370. 

IV. Organo- compounds of tetrad metals : — 

Stannic methide SnMe^. 

Stannic iodotrimethide SnMegl. 

Stannic iododimethide SHMe^Ij. 

Hypostannic ethide 'Sn^'^Etg. 

Stamiic ethylodimethide SnEt^Me^. 

Hypostannic ethodiiodide 'Sn"'j,Et^i,. 

Perplumbic ethide '... PbEt^. 

Perplumbic chlorotriethide PbEtgCl. 

V. Organo- compounds of pentad metals : — 

These bodies belong to the 11th family of organic com- 
pounds, and have been already treated of at p. 377 and 380. 
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Absolute atomicity, 21. 

Aoetamide, 372. 

Acetic series of acids, 297. 

„ series of acids, relations of, to 

acrylic series, 314. 
„ series of acids, relations of, to 
lactic series, 324. 
Acetic series, relations of succinic 

series to, 341. 
Acetone, 360. 

„ diethylated, 360. 
„ dimethylated, 360. 
„ ethylated, 360. 
„ methylated, 360. 
Acetyl, 221. 
Acetylene, 217. 

„ series of radicals, 217. 
Aoetylic nitride, 376. 
Acetylide of copper, 218, 219. 
Acid, acetic, 306. 
„ aceto-lactic, 317, 319. 
„ acetonic, 331. 
„ aconitic, 353. 
„ acryUc, 270, 315. 
„ adipic, 339. 
„ amidodinitrophenylic, 262. 
„ anchoic, 339. 
„ angelic, 312. 
„ aposorbic, 271. 
„ arachidic, 299. 
„ arsenic, 123. 
„ arsenious, 122. 
„ behenic, 299. 
„ benzoic, 337, 
„ boracic, 55^ 
„ boric monobasic, 54. 
„ boric tribasic, 54. 
„ boric, 55, 
„ brassic, 313. 
„ bromic, 89. 
„ bromphenylic, 261. 
„ butyric, 308. 
„ capric, 299. 
„ caproic, 298. 



Acid, caprylic, 298. 

„ carbolic, 259. 

„ carbomethylic, 326. 

„ carbonic, 58, 326. 

„ cerotic, 299. 

„ chlorhydric, 39. 

„ chloric, 49. 

„ chlorochromic, 188. 

„ chloropropionic, 329. 

„ chlorous, 48. 

„ cimidc, 313. 

„ cinnamic, 336. 

„ citraconic, 345. 

„ citric, 270, 353. 

„ collinie, 336. 

„ convolvuliuoleic, 333. 

„ crotonic, 312. 

„ P crotonic, 313. 

„ cuminic, 336. 

„ cyanic, 228. 

„ cyanuric, 228. 

„ (Uimaluric, 313. 

„ damOlic, 313. 

„ desoxaUc, 271, 353. 

„ dextrotartaric, 351. 

„ diamylacetic, 311. 

„ dibromosuccinic, 347. 

„ dichlorphenylic, 261. 

„ diethacetic, oil. 

„ diethoxalic, 320. 

„ dimethacetic, 311. 

„ dimethoxalic, 320. 

„ dinitrophenylic, 261. 

„ disulphodithionic, 75, 83. 

„ disulphuretted hyposulphuric, 

83. 

„ dithionic, 74, 82. 

„ doeglic, 313. 

„ elaidic, 313. 

„ erucic, 313. 

„ ethacetic, 308. 

„ ethomethoxalic, 320. 

„ ethylcrotonic, 313. 

„ ethylglycolUc, 332. 
s5 
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Acid, ethyl-Iactio, 319. 

„ formic, 243, 304. 

„ fulminuric, 228. 

„ fumaric, 345. 

„ gai'dic, 313. 

„ glyceric, 269, 335. 

„ glycollic, 264, 278, 318. 

„ glycomalic, 351. 

„ glyoxaUc, 333. 

„ glyoxyUc, 335. 

„ hippuric, 337. 

„ homolactic, 327. 

„ homotartaric, 351. 

„ hydriodic, 91. 

„ hydrobromic, 87. 

„ hydrochloric, 39. 

„ hydrocyanic, 223, 243. 

„ hydroferrocyanic, 226. 

„ hydrofluoric, 97. 

„ hydrofluoboric, 54, 

„ hydroeelenio, 84. 

. „ hydrosulphuric, 70. 

„ hypobromous, 89. 

„ hypochlorons, 47. 

„ hypogaeic, 313. 

„ hypophosphoroos, 114. 

„ hyposulpnuric, 82. 

„ hyposulphurous, 74, 81. 

„ iodic, 93, 94. 

„ isobutyric, 311. 

„ isochloropropionic, 331. 

„ isodibromosuodnic, 347. 

„ iflomaleic, 345. 

„ itaconic, 345. 

„ ialapinoleic, 333. 

„ lactamic, 329. 

„ lactic, 325, 327, 329. 

„ IsBvotartaric, 351. 

„ lauric, 299. 

„ leucic, 319. 

„ maleic, 345. 

„ malic, 350. 

„ malonic, 339. 

„ margaric, 299. 

„ melissic, 299. 

„ mesaconic, 345. 

„ metabismuthic, 140, 143. 

J, metabismuthous, 140, 142, 

^^ metaboric, 64. 

^^ metantimonic, 131, 134. 

^j metantimonic, of Pr6my, 135. 

metantimonious, 131, 1^. 

\l metaphosphoric, 115, 117. 



Add, metarsenic, 123. 

„ metastannic, 105. 

„ metatartaric, 351. 

„ methacetic, 308. 

„ methacrylic, 313. 

„ methethacetic, 310. 

„ methylcrotonic, 313. 

„ methylglycollic, 319. 

„ methyl-lactic, 317. 

„ moringic, 313. 

„ mucic, 271. 

„ muriatic, 39. 

„ myristic, 299. 

„ nitric, 61. 

„ nitric, manufacture of, 62L 

„ nitrophenylic, 261. 

„ nitrous, 61, 63. 

'„ oenanthylic, 298. 

„ oleic, 316. 

„ orthantimonic, 130, 131. 

„ orthobismuthous, 142. 

„ orthoboric, 54. 

„ orthophosphorio, 118. 

„ oxalic, 229. 

„ oxamic, 231. 

„ oxybutyric, 318. 

„ palmitic, 299. 

„ paralactic, 321. 

„ paraleucic, 321. 

„ parantimonic, 135. 

„ pelargonic, 298. 

„ pentathionic, 75, 83. 

„ perchloric, 50. 

„ perchlorphenylic, 261. 

„ perchromic, 187. 

„ periodic, 93, 96. 

„ phenoic, 336. 

„ phenylic, 260. 

„ phosphoric, 115, 118. 

„ phosphoric dodecabasic, 115. 

„ phosphoric hexabasic, 115. 

„ phosphorous, 114, 116. 

„ physetoleic, 313. 

„ picramic, 262. 

„ picric, 262. 

„ pimelic, 339. 

„ propionic, 308. 

„ propylacetic, 309. 

„ JS propylacetic, 309. 

„ pyrantimonic, 131, 135. 

„ pyrarsenic, 123. 

„ pyrophosphoric, 115, 118. 

„ pyrotartaric, 339, 349. 
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Add, pyroterebic, 313. 

„ pyruvic, 333. 

„ racemic, 351. 

„ ricinoleic, 333. 

„ roooellic, 339. 

„ saccharic, 271. 

„ salicylic, 336. 

„ sebacic, 339. 

„ selenic, 85. 

„ selenious, 85. 

„ silicic, 101. 

„ stannic, 104. 

„ stearic, 299. 

„ suberic, 339. 

„ Buccinethylic, 362. 

„ succinic, 342. 

„ sulphamylic, 275. 

„ sulpharsenic, 124. 

„ sulpharsenious, 124. 

„ sulphhydric, 71. 

„ Bulphocarbonic, 73. 

„ sulphochromic, 187. 

„ Bulphodithionic, 74, 82. 

„ fulphomethylic, 274. 

„ sulphosulphuric, 74, 81. 

„ sulphovinic, 275. 

„ sulphuric, 74, 78. 

,, sulphuric, manufacture of, 79. 

„ sulphuric (Nordhausen), 74, 

77. 

„ sulphurous, 74. 

„ tartaric, 270, 351. 

„ tartaric (inactive), 351. 

„ tartronic, 269, 350. 

„ tetrathionic, 75, 83. 

„ titanic, 106. 

„ toluylic, 336. 

„ tricarbaUylic, 353. 

„ trichlorphenylic, 261. 

„ trimethacetic, 310, 312. 

„ trinitrophenylic, 262. 

„ trisulphodithionic, 75, 83. 

„ trisulphuretted hyposulphuric, 

83. 

„ trithionic, 74, 82. 

„ valerianic, 309. 

„ valeric, 309. 

„ valerohictic, 319. 
Acid salts, definition of, 13. 
Adds, acetic or fatty series of, 297. 

„ aoetoid series of, 339. 

„ acrylic series of, 312. 

„ anhydrous definition of, 8, 10. 



Acids, benzoic or aromatic series of, 
335. 

„ classification of, 296. 

„ definition of, 8. 

„ derivation of, from alcohols, 
297. 

„ dibasic, 337. 

„ dibasic, definition of, 9. 

„ dibasic, formation of, 338. 

„ dibasic, reactions of, 338. 

„ dibasic, succinic or acetoid 
series of, 339. 

„ dibasic, fumaric or aoryloid 
series of, 345. 

„ dibasic, tartaric or glyoxyloid 
series of, 351. 

„ formation from anhydrides, 
43. 

„ fumaric or acryloid series of, 
345. 

i» glyoxylic series of, 335. 

„ lactic series of, 316. 

„ lactic series of, classification 
of, 317. 

„ lactic series of, definition of, 
316. 

„ lactic series of, relations to 
acetic series, 324. 

„ lactic series of, relations to 
acrylic series, 324. 

„ law of basicity of, 296. 

„ malic or lactoid series of, 349. 

„ monobasic, 296. 

„ monobasic, definition of, 9. 

„ nomenclature of, 9. 

„ normal fatty, ascent of the 
series, 303. 

„ normal fattv, relations of, to 
C„HaH-iHo alcohols, 303. 

„ normal fatty, relations of, to 
C„H2H-i radicals, 302. 

„ normal fatty, relations of, to 
each other, 303. 

„ normal, of acetic series, 298. 

„ normal, of acrylic series, 312. 

„ normal, of acrylic series, for- 
mation of, 313. 

„ normal, of fatty series, for- 
mation of, 300. 

„ normal, of fatbr series, occur- 
rence of, 300. 

„ normal, of lactic series, for- 
mation of, 323. 
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Acids, of acrylic series, relatiooB of, 
to acetic series, 314. 
„ of antimony, 130. 
„ of chlorine, 45. 
„ of lactic series, isomerism of, 

325. 
„ of nitrogen, 61. 
„ define, of acrylic series, 313. 
„ olefine, of acrylic series, for- 
mation of, 314. 
„ olefine, of lactic series, for- 
mation of, 324. 
„ oleic series of, 312. 
„ orsanic, 296. 
„ polybasic, definition of, 9. 
„ pyruvic series of, 333. 
„ secondary fatty, 310. 
„ secondary, of acrylic series, 

313. 
„ secondary, of acrylic series, 

formation of, 314. 
, , secondary, of lactic series, 319. 
„ secondary, of lactic series, for- 
mation of, 323. 
„ succinic series of, 339. 
„ tertiary fat^, 311. 
„ tribaaic, 352. 
Acrolein, 270, 294. 
Acryl, 221. 

Acrylic series of acids, 312. 
Acrylic series of acids, relations of, to 

lactic series, 324. 
Acryloid or fumaric series of acids, 
345. 
„ series of acids, isomerism 
in, 345. 
Action, chemical, modes of, 1. 
Active atomicity, 21. 
Affinity, chemical, 4. 
Agalmatolite, 177. 
Alabaster, 160. 
Alanin, 293, 329. 
Albite, 178. 

Alcohol, allylic, 244. 257. 
amylic, 246, 252. 
„ benzoic, 244, 258, 260. 

butylic, 252. 
„ caprovlic, 246. 
„ capryiic, 246. 
„ cerotic, 246. 
cetylic, 246. 
cresylic, 259, 262. 
„ cumylic, 259. 



Alcohol, ethylenic, 264. 
ethylic, 250. 
heptylic, 246. 
hexylic, 246. 
„ isopropylic, 263. 
„ meiissic, 246. 
„ methylic, 246, 249. 

octyhc, 246. 
„ oenanthylic, 246. 
„ pentacid, 271. 
„ pentylic, 246. 
„ phenylic, normal, 268. 
„ phenylic, secondary, 260. 

propylic, 244, 246, 262. 
„ pseuoamylic, 253. 
„ pseudohexylic, 253. 
„ stanntriethylic, 388. 
„ sulphur, 251. 
„ sycocerylic, 259. 
tetracid, 270. 
tetrylic, 246, 262. 
vinylic, 256, 277. 
Alcoholates, 251. 
Alcohols, 243. 

diacid, 246, 262. 
„ ethylic series of, 245. 

monacid, 246, 256, 268. 
„ monacid, of vinylic series, 

255. 
„ normal monacid, of phe- 
nylic series, 258. 
„ normal, of ethylic series. 

245, 246. 
„ polyacid, 270. 
„ relations of, 246. 
„ relations of, to fatty acids, 

303. 
„ secondary monacid, 252. 
„ secondary, of ethylic series, 

245. 
„ secondary, of phenylic se- 
ries, 259, 260. 
„ tertiary monacid, 254. 
„ tertiary, of ethylic series, 
245. 
triacid, 245, 267. 
Aldehyde, acetic, 277, 293. 
„ acrylic, 294. 
„ benzoic, 295. 
butyric, 292. 
„ capric, 292. 
„ cuminic, 295. 
„ euodic, 292. 
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Aldehyde, lauric, 292. 

„ cenanthylic, 292. 
„ palmitic, 292. 
,, propionic, 292. 

aalicjrlic, 336. 
„ valeric, 292. 
Aldehydes, 290. 

„ definition of, 290. 
„ derived from the 

OnHan-iHo alcohols, 
292. 
„ from the OnHan-iHo al- 
cohols, 294. 
„ from Ihe CnH2n-7Ho al- 
cohols, 295. 
„ preparation of, 290. 
„ reactions of, 291. 
Alkalamides, 363, 375. 

„ constitution of, 375. 

Alkaloids, artificial, 364. 

„ from cinchona, 370. 
„ from nux vomica, 370. 
„ from opium, 370. 
„ from tobacco, 370. 
„ the natural, 370. 
Allophane, 176. 
Allotropic oxygen, 41. 
„ phosphorus, 108. 
„ varieties of sulphur, 70. 
Allyl, 210. 
Allylomine, 365. 
AllyUc iodide, 268. 
Alum, common, 177. 
Aluminite,, 176. 
Aluminitim, 175. 
Agalmatolite, 177. 
Afirita, 178. 
Allophane, 176. 
Alum, 177. 

Aluminate, dipotassic, 176. 
Aluminate, magnesic, 176. 
Aluminic calcic disilicate, 103. 
„ calcic trisilicate, 103. 
„ chloride, 175. 
„ hydrate, 175. 
„ maneanous disilicate, 

„ manganous tetrasul- 
phate, 190. 
. „ methide, 389. 
„ oxide, 175. 
„ o^hydrate, 176. 
„ sulphate, 176. 



AlumiBium (coTtHnued), 

Aluminic sulphate tetoihydrate, 
176. 
„ sulphide, 176. 
„ tricalcic trisilicate, 
103. 
Aluminite, 176. 

Alum, manganese aluminium, 
190. 
,t potassium chrome, 187. 
„ potassium manganese, 
190. 
Alum-stone, 177. 
Alunite, 177. 
Analcime, 178. 
Andalusite, 177. 
AnortMte, 103. 
Atomicitv of aluminium, 175. 
Buchholzite, 177. 
Chiastolite, 177. 
Cimolite, 177. 
Collyrite, 177. 

Compounds of aluminium, 175. 
Cyanite, 177. 
Diaspore, 176. 
Dihydric aluminic tetrasilicate, 

103. 
Dipotassic aluminate, 176. 

„ aluminichexasilicate, 

103. 
„ aluminic tetrasul- 
phate, 177. 
Emerald^ lOl 
Felspar, 108. 
PibroUfii^ 177. 
CKbbsitili^l76. 
GrossulaiilOS. 
Kaolin of SiiMibogen, 177. 
Labradorite,.103. 
Lepidolite, 178. 
Magnesic aluminate, 176. 
MJthacite, 178. 
Miloschine, 177. 
Orthose, 103. 
Porcelain clay, 177. 

„ clay of Passau, 177. 
Prehnite, 176. 
Pyrophyllite, 103. 
Bazoumoflfekin, 178. 
Saponite, 178. 
Sillimanite, 177. 
Spinelle, 176. 
Spodumene, 176. 
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Alnniininni {corUinuetf). 

Triglucinio aluminio hezasili- 

cate, 103. 
Wernerite, 177. 
Worthite, 177. 
Xenolite, 177. 
Zoiflite, 176. 
Alnm^ manganese aluminiumi 190. 
„ potassium crome, 187. 
„ potassiimi manganeaei, 190. 
Alum-«tone, 177. 
Alunite, 177. 
Amides, 363, 372. 

„ definition of, 372. 
Amidogen, 28. 
Amines, 363, 364. 

„ classification o£^ 364. 
„ diacid salts of, 379. 
„ monacid salts of, 379. 
„ normal salts of, 378. 
„ salts of, 378. 
Ammonia, 60, 67. 

„ type, 202. 
Ammonic chloride, 60, 67. 
„ chloride type, 202. 
„ salts, 67, 68. 
Ammoniocupric carbonate, 173. 
sulphate, 172. 
Ammonium, 68. 

„ amalgam, 68. 

Ammonoxyl, 28. 
Amorphous boron, 51. 

„ phosphorus, 106. 
Amoxyl, 203. 
Amyl, 209. 
Amylamine, 365. 
Amylene, 213. 
Amylenic chloride, 288. 
„ bromide, 288. 
Amyl glycerin, 267. 
Amylide, antimonious, 128. 

„ zincic, 391. 
Analcime, 178. 
Anatase, 106. 
Andalusite, 177. 
Anhydride, acetic, 356. 

„ acetobenzoic, 356. 
„ antimonic, 131, 133. 
„ antimonious, 130, 131. 

arsenic, 122, 123. 
„ arsenious, 122. 

„ auric, 174. 
„ benzoic, 356. 



Anhydride, bismuthic, 139, 140, 142. 

„ boric, 54. 

„ butrric, 356. 

„ carbonic, 57. 

„ caproic, 356. 

„ omrylic, 356. 

„ chlorous, 46. 

„ chromic, 186. 

„ hypobromous, 89. 

„ hypochlorous, 46. 

„ iodic, 93. 

„ lactic, 357. 

„ nitric, 61, 63. 

„ nitrous, 61, 63. 

„ oenanthylic, 356. 

„ palmitic, 356. 

„ pelargonic, 356. 

„ periodic, 93, 96. 

„ phosphoric 114, 117. 

„ phosphorous, 114, 116. 

„ jMTopionic, 356. 

„ selenious, 85. 

„ silicic, 101, 102. 

„ stannic, 104. 

„ succinic, 357. 

„ sulphantimonio, 138. 

„ sulphantimonious, 136. 

„ sulpharsenic, 124, 125. 

„ sulpharsenious, 124. 

„ sulphochromic, 188. 

„ sulphuric, 74, 77. 

„ sulphurous, 74, 75. 

„ titanic, 106. 

„ valerianic, 356. 

Anhydrides, 354. 

„ conversion into acids, 43. 
definition of, 8, 10, 354. 

„ of the dihydric dibasic 

acids, 357. 

„ of the dihydric mono- 
basic acids, 357. 

„ ofthemonohydricmono- 

basic acids, 355. 
Anhydrous acid, definition of, 8, 10, 

354 
Aniline, 241, 365. 
Anorthite, 103. 
Antimonic acids, organic, 380. 

chloride, 125, 128, 129. 

„ oxy trichloride, 130. 
sulphide, 136, 138. 

„ sulphotrichloride, 130. 

„ tetretho-chloride, 125. 
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Antimonious amylide, 128. 

„ anhydride, 130, 131. 

„ argentide, 127. 

„ bromide, 127, 130. 

. ^ chloride, 126, 128. 

ethide, 128. 
„ fluoride, 130. 

„ hydride, 126. 

„ iodide, 130. 

„ oxide, 130, 131. 

„ oxybromide, 130. 

„ oxychloride, 129. 

„ oxydisulphide, 136. 

„ oxyiodide, 130. 

„ sulphide, 136. 

„ zincide, 128. 

Antimoniuretted hydrogen, 126. 
Antimony, 126. 

„ compound of, witii oxy- 
gen and sidphur, 135. 
„ compounds of, with sul- 
phur, 136. 
„ copper glMice, 137. 
„ ore, grey, 136. 
„ organiccompoundsof,363 
„ oxides and acids of, 130. 
red, 135. 
Apatite, 119. 
Aquafortis, 61. 
Are, 33. 

Argentic compounds (see Silver). 
Aricine, 370. 

Aromatic series of acids, 335. 
Arsenic, 119. 

„ acids, organic, 380. 

„ compounds of, with oxygen 

and hydroiyl, 122. 
„ compounds of, with sulphur 

and hydrosulphyl, 124. 
„ organic compounds of, 363. 
„ oxydichlormethide, 380. 
„ oi^trimethide, 390. 
„ sulphide, 124, 125. 
„ tetrachlormethide, 380. 
„ trimetho-dichloride, 380. 
„ trimethoxide, 380. 
Arsenious chloride, 120, 121. 
hydride, 120. 
„ o^bases, 371. 
„ sulphide, 124. 
Arseniuretted hydrogen, 120. 
Arsines, 363, 370. 

salts of, 380. 



Artiads, definition of, 20. 
Atomic combination, 30. 
„ weight, 2. 
„ weights, table of, 6. 
Atomicity, absolute, 21. 

„ active, 21. 

„ apparent variation of, 20. 

„ latent, 21. 

„ law of variation of, 21. 

„ marks, 18. 

„ of elements, 17. 
Atoms, 2. 

Auric compounds (see Gfold). 
Aureus compounds (see 6K>ld). 
Azote, 60. 
Azurite, 173. 

Baric carbonate, 167. 
chloride, 155. 
hydrate, 155, 159. 
nitrate, 157. 
oxide, 155, 156. 
peroxide, 156, 158. 
sulphate, 157. 
Barium, 155. 

„ compound of, with hydroxyl, 

159. 
„ compounds of, with oxygen, 
156. 
Baryta, 156. 

„ caustic, 159. 
Bases, caustic antimonv, 377. 
„ caustic arsenic, 377. 
„ caustic nitrogen, 377. 
„ caustic phosphorus, 377. 
„ definition of, 11. 
„ imido^en, 365. 
„ organic, 364. 
„ organic, periodides of, 31. 
„ oxyantimonic, 378. 
„ oxyarsenic, 377. 
„ systematic and irregular names 
of, 11. 
Basic salts, definition of, 13. 
Basylous compound radicals, hy- 
drides of, 232. 
elements, 4. 
radicals, dyad, 212. 
radicals, monad, 207. 
radicals, organic, 207. 
radicals, triad, 220. 
Benzamide, 372. 
Benzene, 238. 
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Benzine, 238. 

Benzoic series of adds, 335. 

Benzol, 237, 238. 

„ chlorocompoundsof, 241. 

„ substitution derivatives of, 
239. 
Benzophenone, 361. 
Benzovl, hydride of, 296. 
Berthierite, 137. 
Bicarbiuret of hydrogen, 238. 
Binary compounds, 7. 
Bismuth, 139. 

„ compound of, with chlo- 
rine, 139. 

„ compounds of, with oxy- 
gen and hydroxyl, 140. 

„ compounds of, with sulphur, 

„ glance, 144. 
„ ochre, 141. 
„ telluric, 145. 
Bismuthic oxide, 142. 
Bismuthous bromide, 140. 
„ chloride, 139. 
„ dichlorethide, 139. 
„ ditelluro-sulphide, 145. 
„ ethido, 139. 
„ fluoride, 140. 
„ iodide, 140. 

„ nitrate, 141. 

„ nitrate dihydrate, 141. 

oxide, 139, 140, 141. 
„ oxy bromide, 140. 

„ oxychloride, 140. 

„ oxyhydrate, 140, 142. 

„ omodide, 140. 
„ sulphide, 144. 

Bismuthylic carbonate, 141. 
Bleaching-powder, 48, 161. 
Blende, manganese, 190. 
Blue copper, 171. 
„ malachite, 173. 
„ Prussian, 227. 
„ Tumbull's, 227. 
Bonds, definition of, 18. 

„ nature of, 26. 
Bone-ash, 107. 
Boracite, 65. 
Borates, 66. 
Borax, 66. 
Boric bromide, 63. 
„ chloride, 63. 
„ ethide, 61. 



Boric fluoride, 53. 

„ methide, 386. 

„ nitride, 56. 

„ sulphide, 56. 
Boron, 51. 

„ amorphous, 51. 

„ diamond, 62. 
„ graphitoidal, 52. 
Boulangerite, 137. 
Boumonite, 137. 
Bracket, use of, 16. 
Braunite, 189. 
Brochantite, 172. 
Bromacetylene, 220. 
Bromates, 90. 
Bromhydrin, 289. 
Bromine, 86. 

„ compounds of, with oxy- 
gen and hydroxyl, 88. 
„ hydrate, 87. 
Brooldte, 106. 
Brown hoiraatite, 192. 

„ iron ore, compact, 192. 
„ fibrous, 192. 

Brucme, 370. 
Brucite, 162. 
Buchholzite, 177. 
Butoxyl, 203. 
Butyl, 209. 
Butylene, 213. 
Butylenic bromide, 288. 
chloride, 288. 
Butylic iodide, 271. 
Butyrone, 3G0. 

Cacodyl, 371. 

Cacodylic acid, 372, 380, 390. 
„ chloride, 371. 
„ oxide, 371. 
„ trichloride, 380. 
Cadmic chloride, 167. 
„ hydrate, 167. 
„ oxide, 167. 
„ sulphate, 167. 
Cadmium, 167. 
Caisium, 153. 
Calamine, 166, 166. 

„ electric, 165. 
Calc spar, 160. 
Calcic carbonate, 160. 
„ chloride, 160. 
„ chlorohypochlorite, 161. 
„ dihydrio, dicarbonate, 161. 
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Oalcio fluoride, 160. 

hydrate, 160, 161. 

magnesic dicarbonate, 162. 

magnesic disilicate, 103. 

metaphosphate, 107. 

oxide, 160, 161. 

oxyBulphide, 152. 

peroxide, 161. 

phosphate, 160. 

phosphide, 110. 

tetanhydric sulphate, 160. 
CaLciam, 160. 
Capacity, measures of, 33. 
Oapillary pyrites, 197. 
Caproyl, 209. 
Gaprylene, 213. 
Carbon, 57. 

„ oompounds of, witii oxygen, 

Carbonates, 58. 
Oarbonic disulphide, 72. 

„ oxide, 58. 

„ oxydichloride, 59. 

„ tetrachloride, 57. 
Carboretted hydrogen, light, 234. 
Caustic antimony bases, 377. 
„ arsenio bases, 377. 
„ baryta, 159. 
„ nitrogen bases, 377. 
„ phosphorus bases, 377. 
„ potash, 147. 
Celestine, 160. 
Uerotene, 214. 
Cervantite, 133. 
Cetene, 214. 
Chalcedony, 102. 
Chalk, 160. 
Chemical action, modes of, 1. 

„ affinity, 4. 

„ equations, 15. 

„ notation, 14. 
Chemistry, definition of, 1. 

„ organic, 199. 
Chiastolite, 177. 
Chloracetamide, 372. 
Chloraniline, 376. 
Chlorates, preparation of, 49. 
Chlorhydrate, ethylenic, 281, 287. 
Chlorhydric acid, 39. 
Chlorhydrin, 282, 289. 
Chloride, methylic, 285. 

„ of selenium, 84. 
Chlorides, 39. 



Chlorine, 37. 

„ action of, on the radicals 
of the ethylene series, 
214. 
„ compounds of, with oxy- 
gen and hydroxyl, 45. 
„ oxides of, 45. 
Chloro-compounds of benzol, 241. 
Chloroform, 285. 
Chloronitric gas, 66. 
Chloronitrous gas 66. 
Chloropal, 103. 
Chloropemitric gas, 66. 
Chlorous elements, 4. 

„ elements, table of, 4. 
„ organic radicals, 207. 
Chrome iron ore, 186. 

„ potassium alum, 187. 
Chromium, 185. 

Chlorochromic acid, 188. 
Chrome iron ore, 186. 
Chromic anhydride, 186. 
„ chloride, 185. 
„ dichlorodioxide, 188. 
„ dioxide, 186. 
„ hydrate, 187. 
„ oxide, 185. 
„ perfluoride, 185, 
Chromium, atomicity of, 185. 

„ compounds of, 185. 

Chromous chloride, 185. 

„ dichromic tetroxide, 

186. 
„ dipotassicdisulphate, 

„ hydrate, 185. 

„ oxide, 185. 

„ sulphide, 188. 
Crocoisite, 187. 
Dichromic ferrous tetroxide, 186. 

„ hexanitrate, 187. 

„ trisulphate, 187. 

„ trisulphide, 188. 
Dihvdric sulphate chromate, 187. 
Diplumbic cnromate, 184. 
Dipotassic chromate, 186. 

„ chromous disulphate, 
187. 

„ dichromate, 186. 

„ dichromic tetrasul- 
phate, 187, 

„ tnchromate, 186. 
Normal potassic chromate, 186. 
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Ghromitiin {continued). 

Octochromic carbonate dihy- 

drate, 187. 
Perchromic acid, 187. 
Plumbic chromate, 187. 
Potassic bichromate, 186. 
„ chlorochromate, 188. 
„ terchromate, 186. 
Potassium chrome alum, 187. 
Red lead ore, 187. 
Sulphochromio acid, 187. 

„ anhydride, 188. 

Tetrapotassio diichromosul- 

phate, 187. 
Tnplumbic diohromate, 184. 
Chryson, 101. 
Cimolite, 177. 
Cinchonine, 370. 
Cinnabar, 168. 
Citramide, 375. 

Citryl-triphenyl-triamide, 375. 
Classification of elements, 31. 

„ or^uiic compounds, 

Clay, porcelain, 177. 

„ porcelain of Passau, 177. 
Cobalt, 195. 

Atomicity of cobalt, 195. 
Cobalt pyrites, 196. 
Cobaltic chloride, 195. 
„ disulphide, 197. 
„ oxide, 195. 
„ oxvdihydrate, 196. 
„ sulphide, 196. 
Cobaltoso-diammon-diammonic 

dichloride, 196. 
Cobaltous chloride, 195. 

„ dicobaltic tetroxide, 

195. 
„ dihydric sulphate, 

197. 
„ dinitrate, 196. 
„ dipotassic dicarbo- 

nate, 196. 
„ dipotassic disulphate, 

196. 
„ hydrate, 196. 
„ oxide, 195. 

„ sulphide, 196. 
Compounds of cobalt, 195. 
Dicobaltic hexammon-hexam- 
monic hexachlo- 
ride, 196. 



Cobalt {eontmued), 

Dicobaltic tetrammon-bexam- 
monic hexachlo- 
ride, 196. 
Dicobaltous carbonate dihy- 
drate, 196. 
„ oxysulphide, 197. 

Dihydric cobaltous sulphate, 197 
„ pentacobaltous dicar- 

bonate tetrahydrate, 
196. 
Dipotassic cobaltous dioorbo- 
nate, 196. 
„ cobaltous disulphate, 
196. 
Hexacobaltic heptoxide, 195. 
Luteo-cobalt chloride, 196. 
Purpiureo-cobalt chloride, 196. 
Boseo-cobalt chloride, 196. 
Codeine, 370. 
CoUidine, 367. 
Collyrite, 177. 
Combination, atomic, 30. 

,, molecular, 30. 

Combining proportiuns, 2. 
Common sodic phosphate, 119. 
Compound organic radicals, 200. 

basylous radioils, hy- 
drides of, 232. 
negative radicals, hy- 
drides of, 232. 
oxamides, 232. 
positive radicals, hydrides 

of, 232. 
radicals, 26. 
radicals, chief inorganic, 

list of, 28. 
radicals, definition of, 27. 
radicals, dyad, 27. 
radicals, monad, 27. 
radicals, symbols of, 28. 
radicals, driad, 27. 
substances, 1. 
of nitrogen with chlorine, 

69. 
of nitrogen with iodine 

and hydrogen, 69. 
of nitrogen with chlorine 

and oxygen, 66. 
of nitrogen with hydro- 
gen, 67. 
Compounds, 1. 

„ binary, 7. 
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/ompounds of chlorine with oxygen 
and hydroxyl, 45. 
,^ organic, 199. 
„ of carbon with oxygen,57. 
„ of sulphur with basylous 

elements, 70. 
„ of sulphur with positive 
elements, 70. 
leonine, 366. 
I^nstituents of organic compounds, 

199. 
Zipper, 170. 

Ammoniocupric carbonate, 173. 
„ sulphate, 172. 

Atomicity of copper, 170, 
Azurite, 173. 
Blue copper, 171. 

„ malachite, 173. 
Brochantite, 172. 
Compounds of copper, 170. 
Copper, acetylide of, 219. 
„ azure, 173. •' 
„ glance, 171. 
„ pyrites, 194. 
Cupric chloride, 170. 
„ hydrate, 171. 
„ nitrate, 171. 
„ oxide, 171. 
„ phosphide, 109. 
„ sulphide, 171. 
„ sulphoh^drate, 171. 
Cuprodiammomccarbonate, 173. 
CufTosovinylic ether, 219. 
Cuprous chloride, 170. 
h>drate, 170. 
„ hydride, 170. 
„ oxide, 171. 
„ quadrantoxide, 171. 
„ sulphide, 171. 
Dicupric carbonate, 172. 

,, carbonate dihydrate, 
172. 
Diferric dicupric trtrasulphide, 

194. 
Dihydric cupric sulphate, 171. 
„ diammonic cuprodi- 
ammonicsulphate,172. 
., tetracupric sulphate 

tetrahydrate, 172. 
„ tricupric dicarbonate, 
173. 
Dioptase, 173. 
Dipotassic cupric disulphate, 1 72. 



iT (corUinued), 

iydriocupricsiHcate hydrate,173. 
,, pentacupric sulphate pen- 

tahydrate, 172. 
„ tricuprio sulphate trihy- 
drate, 171. 

Indigo copper, 171. 

Malachite, 172. 

Mountain-blue, 173. 

Mysorin, 172. 

Red copper ore, 171. 

Ruby ore, 171. 
Coquimbite, 194. 
Cream of tartar, 132. 
Crith, 34. 

„ use of, 34. 
Crocoisite, 187. 

Crystallization, water of, 30, 43. 
Cubic foot, 33. 
Cumol, 237. 

Cupric compounds (see Copper). 
Cuprous compounds (see Copper). 
CyameUde, 228. 
Cyanic hydride, 243. 
Cyanides, double, 224. 

„ easily decomposable, 225. 

„ single, 224. 
Cyanite, 177. 
Cyanogen, 221, 222. 

„ chlorides of, 227. 
Cymol, 237. 

Dark-red silver, 137. 
Definition of acids, 8. 

„ acid salts, 13. 

„ anhydrides, 8, 10. 

„ anhydrous acids, 8, 10. 

„ artiads, 20. 

„ bases, 11. 

„ basic salts, 13. 

„ chemistry, 1. 

„ compound radicalB, 27. 

„ dyads, 20. 

„ dibasic acids, 9. 

„ haloid salts, 12. 

„ hexads, 20. 

„ hydrates, 11. 

„ monads, 20. 

„ monobasic acids, 9. 

„ neutral salts, 12. 

„ normal salts, 12. 

„ oxysalts, 12. 

„ pentads, 20. 
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ToMmaemddB, 9. 

nlpho-flJlB, 12. 
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Dpfckipmait of foninilc» 203, 
Biaoeck gWool. 962. 
DnoedBude. 373. 376. 
Bbeedn. 362L 

Biaad aleohola. 244. 245. 262. 
Duddphk type. 201, 2Q2. 
Dialkikmides. 375. 
DiuudeL tximercoric 170. 
DMMidtoa.37 4. 

„ eoxucitiitkHi oC 374. 

„ fannarion rfprimMy, 874. 

„ • ptimuT. 374. 

,, seoondaiT. 374. 
feolunr. 374. 
DiamiiMB. 3&i. 367. 

^ fannatkm ot 367. 

„ mooadd alts oC 379. 

„ normal sdts ci^ 379. 

„ oxidMot 368. 

y, parimarr. 368. 

,. secondaiT. 368. 
tertiary. 368. 
Diamond boron. 52. 
Bianmiotts disulphide, 121. 
Diaepoie. 176. 
Diatomic mcdecules, 3, 19. 
DibMBC acids, 337. 

^ adds;, anliydrides ot 357. 
y, adds;, definitioii of^ 9. 
„ aod^ fumaric or acrykHd 
eerics of. 315. 
Dibisnutfaic tetroxide. 14a 
Dftianuthoiis dioxide, 140. 

diflolphide. 144. 
tetrachloride, 140. 
Dibrombeniol 239. 
Dioadmic sulphate dihydrate;, 167. 
Dichloraniline. 376. 
Dicblwbenaol. 241. 
Didiloicthide, faismuthoas» 139. 
Didilorhydrin. 282, 289. 
Diddorinated methTlic chloride, 285. 
DieUiTlamiiie, 366.' 
Dktl^lated acet(uie, 36a 



Diethylenfi triammonic dichloride, 
379. 

„ • friammonio monodib* 
ride, 379. 

„ triammotiiietrid]loride,379. 
Dietl^oxamide, 375. 
Di^nonic silicate, 102. 
Dimetfayismiiie, 3iS6. 
Dimeth^ated acetone, 360. 
Dinitrobenxol, 242. 
Diopside, 103. 
Dioptase, 173. 
Diphenjl-carbonyl-oxalyl diamide, 

375. 
Disodic disnlphate, 77. 
Displaoeahle hydrogen, 9. 
Distannic hexedioxide, 390. 
Disnlplude, dibismnthoos, 144. 
DiteUuro-eulphide, Insmutboos, 145. 
Ditfaionata, 82. 
Dititanic dinifaride, 106. 

„ hexBchloride, 106. 
Dixinxmic sQicate, 102. 
Dodecasodic decaphoephate, 115. 
Dolomite, 162. 
Doable cyanideB, 224. 

„ monadelphic type, 202, 203. 
Dyad basylous radicals, 212. 
„ oompoand radicals, 27. 
Dyads, definition oi, 19. 
Dyad dements, 39, 155. 
I^ads, list of, 32. 

jyjhd poeitire radicals, haldU ethers 
of; 281, 287. 

Elaldehyde, 291. 
Electric calamine, 165. 
Electro-negatire dements, 4. 
„ -poeitiTe dements, 4. 
Mementaiy molecule, 2. 
Elements, 1. 

„ atomidty o^ 17. 

basylous, 4. 

dilorous, 4. 

chlorous, table oC 4. 

classification ol, 31. 

dyad, 39. 

dectro-n^^Uaye, 4. 

electro-DodtiTe, 4. 

hexad, d9. 

monad, 36. 

names of; 6, 7. 

negative, 4. 
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Elements, pentad, 60. 
„ positiYe, 4. 
„ table of, 6. 
„ tetrad, 67. 
„ triad, 51. 
Ellenbogen, kaolin of, 177. 
Embolite, 154. 
Emerald, 103. 
Emetic tartar, 132. 
Empirical formuke, 17. 
Enstatite, 102. 
Epichlorhydrin, 282, 290. 
Equations, chemical, 15. 
E^rtiirite, 270. 
Erythroglucin, 270. 
Erythromannite, 270. 
Ether, 274. 

„ allylic, 276. 

„ amylic, 273. 

„ bu^lic, 273. 

„ cuprosovinylic, 219. 

„ diethoxaKc, 386. 

„ diethylated ethyUc, 385. 

„ ethylenic, 277. 

„ ethylic, 274, 272. 

„ ethylic amylic, 273. 

„ ethylic bufylic, 273. 

„ glycylic, 279. 

„ methyUc, 274, 272. 

„ methylic amylic, 272. 

„ methylic ethylic, 272. 

„ monosodacetic, 304. 

„ phenylic, 276. 

„ stanntriethylic, 388. 

„ sulphomethylio, 362. 

„ sulphuric, 274. 

„ toluylic, 276. 
Ethers, 272. 

„ formation of, 273. 

„ haloid, 280. 

„ haloid, of the dyad positive 
radicals, 281, 287. 

„ haloid, of the monad positive 
radicals, 280, 282. 

„ haloid, of the triad positive 
radicals, 281. 

„ of the diacid alcohols, 272, 
276. 

„ of the methyl series, 272. 

„ of the monadd alchols, 272. 

„ of the phenyl series, 276. 

„ of the triacid alcohols, 272, 
279. 



Ethers of tiie vinyl series, 276. 
Ethereal salts, 243, 361. 

„ salts, decomposition of, 362L 

„ salts, definition of, 361. 

„ salts of diacid alcohols, 362. 

„ salts of dibasic adds, 362. 

„ salts, dibasic adds, <add, 
362. 

„ salts, dibasic adds, neu- 
tral, 362. 

„ salts, monacid alcohols, 362. 

„ salts, monobasic adds, 362. 

„ salts, triadd alcohols, 362. 

„ salts, tribasic acids, 362. 

„ salts, tribasic acids, add, 
362. 

„ salts, tribasic adds, neu- 
tral, 362. 

„ salts, production of, 361. 
Ethide, antimonious, 128. 

„ boric, 51. 

„ bismuthous, 139. 

„ hypostannic, 387. 

„ lithiomercuric, 391. 

„ lithiozincic, 391. 

„ magnesic, 391. 

„ mercuric, 386. 

„ perplumbic, 388. 

„ potassic, 389. 

„ potassio-zindc, 391. 

„ sodio-zindc, 391. 

„ stannic, 387. 

„ . stannous, 387. 

„ tellurium, 390. 

„ zincic, 389. 
Ethobromide, mercuric, 386. 
Ethodiniodide, hypostannic, 387. 
Ethohydrate, mercuric, 387. 
Ethomtrate, mercuric, 391. , 
Ethoxyl, 203. 
Ethyl, 208, 210. 

acetone, 360. 
acetyl, 360. 
butyral, 360. 
propionyl, 360. 
urea, 368. 
acetamide, 375. 
Ethylamine, 365. 
Ethylanmionic chloride, 378. 
Ethylamylamine, 366. 
Ethylated acetone, 360. 
Ethyl diacetamide, 375. 
Ethylene, 213. 
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Ethylene compounds, 214. 

„ diamine, 369. 
Sthjrlene-diammonic di(Moride, 379. 
„ monochloride,379. 

Ethylene diethyl diamine, 369. 
„ series, 212. 
„ series of radicals, action 
of chlorine on, 214. 
Ethylenie bromide, 288. 
chloride, 287. 
„ chlorhydrate, 281, 287. 
„ cyanide, 289. 
„ dichloride, 281. 
„ ether, 277. 
„ iodide, 288. 
„ iodhydrate, 287. 
„ oxide, 277. 
„ oxide, isomers of, 277. 
£thylic acetate, 362. 
„ chloride, 286. 
„ diethacetone carbonate, 360. 
„ disodacetone carbonate, 359., 
„ ethacetone carbonate, 359. 
„ ether, 274. 
„ ethylozincio diethoxalate, 

„ iodide, 286. 
„ sodaeetone carbonate, 359. 
„ succinate, 362. 
„ sulphhydrate, 251. 
„ sulphide, 276. 
Ethylidene and ethylene, isomerism 
of, 328. 
„ compounds, 215. 
„ cyannydrate, 329. 
Ethylochlorether, 385. 
Ethylodimethide, stannic, 387. 
Ethylo-zincic dinitromethylate, 386. 
„ ethylic diethoxalate, 

386. 
Ethylphenylamine, 366. 

Fahl ore, 137. 

Fatty series of acids, 297. 

„ acids, normal, 298. 

„ acids, secondary, 310. 

„ acids, tertiary, 311. 
Feather ore, 137. 
Felspar, 103. 

Feme compounds (see Iron). 
Ferricyanide, potassic, 227. 
Ferrocyanido, potassic, 226. 
Ferrous compounds (see Iron). 



FibroUte, 177. 

Fibrous brown iron ore, 192. 
Fire-damp, 234. 
Flint, 102. 

Fluoride, antimonious, 130. 
„ bismuthous, 140. 
„ boric, 53. 
„ silicic, 100. 
Fluorine, 96. 

„ compound of, with hydro- 
gen, 97. 
Foot, 33. 

„ cubic, 33. 
Formulae, 14. 

„ development of, 204. 
„ empirical, 17. v^ 
„ graphic, meaning of; 25. 
„ graphic, of organie ccmi- 

pounds, 205. 
„ rational, 17. u- 
„ statical and dynamical, 
26. 
Formyl, 220. 
Fowler's solution, 122. . 
Francolite, 119. 

Fumario or aoryloid series of aoids, 
345. 
f, or acryloid series of acids, 
isomerism in, 345. 

Galena, 182. 
Gallon, 33. 
Gas, chloronitric, 66. 
„ chloronitrous, 66. 
„ chloropernitric, 66. 
„ laughing, 64. 
„ phosgene, 59. 
Gaseous phosphoretted hydrogen, 

108. 
Gtiultheria prociunbens, oil of, 249. 
Gibbsite, 175. 
Glance, bismuth, 144. 
„ iron, 192. 
„ nickel, 198. 
„ silver, 154. 
Glucose, 271. 
Glycerin, 267, 268. 
Glycocin, 337. 
Glycol, acetobutyrio, 266. 
amylic, 262. 
„ bromethylic, 265. 
„ brombydiic, 265. 
„ butylic, 262. 
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Glycol, chlorhydric, 266, 281, 287. 

„ derivatives of, 265. 
diacetic, 266, 362. 

„ diethylenic, 266. 

„ diethylic, 266. 

„ disodic, 266. 

„ ethyUc, 262, 264. 

I, hexethylenic, 266. 

„ hydric ethylie, 265. 

„ iodhydrio, 287. 

„ monacetic, 266, 362. 

„ monoBodic, 266. 

„ pentethylenic, 266. 

„ propylie, 262. 

„ sulphur, 266. 

„ tetrethylenio, 266. 

„ triethyWic, 266. 
Glycollic acetobromide, 265. 
Glycols, 2{)2. 

„ polyethylenic 266. 

„ relations of succinic series 
to, 340. 
Glycolyl, 221. 
Glyoxal, 334. 
Glypxyloid series of dibasic acids, 

CWldC 174. 

Atomicity of ^Id, 174. 
Auric anhydride, 174. 
„ chloride, 174. 
„ iodide, 174. 
„ oxide, 174. 
„ sulphide, 174. 
Aurous chloride, 174. 
„ iodide, 174. 
„ oxide, 174. 
„ sulphide, 174. 
Compounds of gold, 174. 
Potassic aurate, 174. 
Grain, 34. 
Gramme, 34. 

Graphic formulae, meaning of, 26. 
„ formulae of organic com- 
pounds, 206. 
„ notation, 23. 
Graphitoidal boron, 62. 
Gbeen salt of Magnus, 179. 
Qreenockite, 167. 
Grey antimony ore, 136. 

„ nickel ore, 198. 
Qrossularia, 103. 
CHianite, 163. 
Gypsum, 160. 



Haematite, brown, 192. 

red, 192. 
Hair nickel, 197. 
Haloid compounds of oxybases, 363, 

„ ethers, 280. 

„ ethers of the dyad positive 
radicals, 281, 287. 

„ ethers of the monad positive 
radicals, 280. 

„ ethers of the triad positive 
radicals, 281, 289. 

„ salts, definition of, 12. 
Hartmangan, 189. 
Hausmanite, 189. 
Heavy spar, 166. 
Helvme, 191. 
Hepar sulphuris, 160. 
Heptylene, 213. 
Heterocline, 191. 
Hexad elements, 69, 186. 
Hexads, definition of, 20. 

list of, 32. 
Hexasodic tetraphosphate, 116. 
Hexatomic molecules, 3. 
Hexylene, 213. 
Horn-mercuiy, 168. 

„ silver, 164. 
Hydrate, argentic, 156. 

„ baric, 159. 

„ cadmic, 167. 

„ calcic, 161. 

„ magnesic, 162. 

„ potassic, 147. 

„ sodic, 161. 

„ strontic, 169. 

„ zincic, 166. 
Hydrates, 43. 

„ definition of, 11. 
Hydric oxide, 43. 

„ peroxide, 44. 

„ persulphide, 72. 

„ sulphate, 74. 
Hydride, anyUc, 234, 236. 

„ antimonious, 126. 
butyUc, 234. 

„ caproylic, 234. 

„ cuprous, 170. 

„ cyanic, 243. 

„ decatylic, 234. 

„ dodecatylic, 234. 

„ endecatylic, 234. 
ethylie, 234, 236. 
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Hydride, heptrlic, 234. 
„ hexYlic, 234. 
„ methvlio, 234. 
„ nonylic, 234. 
„ octylic, 234. 

oxatyHc, 243. 
,, pentadecatylic, 234. 

pentyUc, 234. 
„ phenylic, 238. 
„ propylio, 234. 
f, Bilicio, d9. 
„ tetradecatylic, 234. 
„ tetpylic, 234. 
„ trideca^lio, 234. 
„ tritylic, 234. 
Hydrides of oompound basybus ra- 
dicalB, 232. 
,, of oompound nogstiye ra- 

dioaU, 232, 243. 
„ of oompound positive ra- 
dicals, 232. 
„ of the radicals of lihe me- 
thyl series, 232. 
„ of Ihe radicab of the phe- 
nyl series, 237. 
Hydrochloric acid, 39. 

glycide, 282. 
Hydrodiniodide, nitrous, 69. 
Hydrogen, 36. 

bicarburet of, 238. 
, , compounds of, with nitro- 
gen, 67. 
„ displaceable, 9. 
„ sulphuretted, 71. 
Hydrosulphate of ethyl, 251, 
Hydrosulphyl, 28, 72. 
Hydroxyl 28, 44. 
Hyperoxide, chloric, 46. 
Hypochlorites, 48. 
Hypochlorous anhydride, 46. 
Hypostannic ethide, 392. 

„ ethodiiodide, 392. 

Hyposulphites, 81. 

Imides, 363, 376. 

„ general formula of, 376. 
Imidogen bases, 365. 
Indigo copper, 171. 
Inorganic compound radicals, chief, 

Ust of, 28. 
Introduction to organic chemistry, 

199. 
lodates, 95. 



Iodides, antimonious, 130. 
„ bismuthous, 140. 
Iodide, phosphonic, 107, 109. 
Iodine, 90. 

„ compounds of, with oxygen 
and hydroxyl, 93, 
lodhydrio fflycot 287. 
lododiethide, stannic, 387. 
lodotriethide, stannic, 387. 
Iron, 192. 

Atomicity of iron, 192. 
Brown bisDmatite, 192. 

„ iron ore, 193. 
Chrome iron ore, 186. 
Compact brown iron ore, 192. 
Compounds of iron, 192. 
Copper pyrites, 194. 
Coquimbite, 194. 
Didiromic ferrous tetroxide, 

186. 
Diferric dicupric tetiasulphide, 

IVtx. 

„ dioxY-dihydrate, 193. 
„ hexaoydrate, 192. 
„ hexamtrate, 194. 
„ oir^-tetrahydrate, 193. 
,. tnsulphate, 194. 
„ trisulphide, 194. 
Diferrous sulphide, 193. 
Dipotassicdiferric tetraaulphate, 
194. 
„ ferrous disulphate, 
194. 
Ferric chloride, 192. 
„ disulphide, 193. 
„ oxide, 192. 
„ trisilicate, 103. 
Ferrous carbonate, 195. 
„ chloride, 192. 
„ dichromic tetroxide, 

186. 
„ diferric tetroxide, 193. 
„ dipotassic disulphate, 

„ hydrate, 192. 
„ nitrate, 195. 
„ oxide, 192. 
„ sulphate, 194. 
„ sulphide, 193. 

Fibrous brown iron-ore^ 192. 

Heptaferric octosulphide, 196. 

Hexahydric diferric diphos- 
phate dihydrate, 194. 
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Iron {continued). 
Iron glance, 192. 
micaceous, 192. 
ore, brown, 193. 
ore, compact brown, 192. 
ore, fibrous brown, 192. 
ore, magnetic, 193. 
ore, needle, 193. 
ore, spathic, 195. 
potassium alum, 194. 
pyrites, 193. 
specular, 192. 
Magnetic iron ore, 193. 
„ . pyrites, 195. 
Martial pyrites, 193. 
Micaceous iron, 192. 
Needle iron ore, 193. 
Octoferrous sulphide, 193. 
Oligist, 192. 
Potassic ferrate, 193. 
Potassium iron alum, 194. 
Bed haematite, 192. 
Spathic iron ore. 195. 
Specular iron, 192. 
Tetraferric sidphate, 194. 
„ trioxyhexahydrate, 

192. 
Tetrahydric tetraferric sulphate 

octohydrate, 194. 
Triferric tetroxide, 193. 
Vitriol ochre, 194. 
Irregular names, 8, 11. 

„ namesof bases, 11. 
Isomeric forms of valeric acid, 

309. 
Isomerism of ethylene and ethyli- 
dene, 328, 346. 
„ in the lactic series, 325. 

Isomerism in fumario or acryloid 

series, 345. 
Isopropylic alcohol, 253. 
iodide, 268. 

Kaolin of Ellenbogen, 177. 
Ketones, 357. 

„ formation of, 358. 

„ isomerism of, 360. 

„ list of, 360. 

„ of the C„H2ri-7 series, 361. 
KobeUite, 145. 
Kupfemickel, 198. 

Labradorite, 103. 



Lactic series of acids, relations of, to 
acetic series, 324. 
„ series of acids, relations of, to 

acrylic series, 324. 
„ series of acids, relations of suc- 
cinic series to, 340. 
Lactide, a57. 

Lactoid series of dibasic acids, 349. 
Lactyl, 221. 
Lanarkite, 184. 
Latent atomicity, 21. 
Laughing gas, 64. 
Law of volumes, 3. 
Lead, 180. 

Basic hyponitrate of lead, 183. 
Crocoisite, 187. 

Dihydric diplumbic nitrate hy- 
drate, 183. 
„ diplumbic nitrate ni- 
trite, 183. 
„ triplumbic dicarbo- 
nate, 184. 
Diplumbic chromate, 184. 

„ nitrite hydrate, 182. 

„ oxychlorohydrate, 

182. 
„ oxydichloride, 181. 
„ oxydihydrate, 181. 
„ sulphate carbonate, 

„ sulphodichloride, 

182. 
„ trioxide, 181. 
Dipotassic plumbate, 184. 
Galena, 182. 

Hydric plumbic nitrate, 183. 
Lanarkite, 184. 
Lead, atomicity of, 180. 
„ compounds of, 180. 
„ spar, 183. 
„ vitriol, 182. 
Leadhillite, 184. 
Litharge, 181. 
Matlockite, 181. 
Mendipite, 182. 
Octoplumbic heptoxydichloride, 

182. 
Perplumbic chlorotriethide, 
388. 
„ ethide, 388. 

„ triethohydrate, 388. 

Plattnerite, 181. 
Plumbic carbonate, 183. 
T 
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X«ead (continued). 

Plumbic chloride, 180. 

„ chlorohydrate, 181. 
„ chromate, 187. 
„ dinitrate, 183. 
,, dinitrite, 182. 
hydrate, 181. 
„ nitrite hydrate, 182. 
„ oxide, 181. 
„ peroxide, 181. 
„ sulphate, 182. 
„ sulphide, 182. 
PlumbouB oxide, 181. 
Bed lead, 181. 

„ ore, 187. 
Tetraplumbio pentoxide, 181. 
„ tricarbonate sul- 

phate, 184. 
Tripluxnbic dichromate, 184. 
„ dihydrate dioarbo- 

nate, 184. 
„ oxydichloride, 182. 

„ tetroxide, 181. 

White lead ore, 183. 
Lead, basic hyponitrate of, 183. 
„ ore, rea, 187. 
„ ore, white, 183. 
„ spar, 183. 
„ vitriol, 182. 
Leadhillite, 184. 
Lead, red, 181. 
Length, measures of, 33. 
Lepidolite, 178. 
Letters, thick, use of, 16. 
Leucin, 332. 
Leukon, 101. 

Light carburetted hydrogen, 234. 
Lime, chloride of, 48, 161. 

„ slaked, 161. 
Liquid phosphoretted hydrogen, 108, 

Listofdyaids, 32. 

hexads, 32. 

monads, 32. 

pentads, 32. 

tetrads, 32. 

triads, 32. 
Litre, 33. 
Lithia, 152. 
Litharge, 181.. 
Lithic chloride, 152. 
„ hydrate, 152. 
Lithiomercuric ethide, 391. 



Litiiiozmcic ethide, 391. 
Lithium, 152. 
Liver of sulphur, 160. 
Luteo-cobalt chloride, 196. 
Ltttidine, 367. 

Magnens, 162. 

„ alba, 164. 
Magnesio aluminate (Spinelle), 
176. 
„ carbonate, 163. 
„ chloride, 162. 
„ ethide, 391. 
„ hydrate, 162, 
„ oxide, 162. 
„ sulphate, 162. 
lilagnesite, 163. 
Magnesium, 162. 
Mimetic iron ore, 193. 
„ pyrites, 195. 
Magnus, green salt of, 179. 
Malachite, 172. 

„ blue, 173. 
Malic series of acids, 349. 
Malonyl, 221. 
Malthacite, 178. 

,188. 
luminic' manganous disilicate, 
191. 
„ manganous tetrasul- 

phate, 190. 
Atomicity of manganese, 188. 
Braunite, 189. 
Compounds of manganese, 

Dihydric dimanganic silicate di- 
hydrate, 191. 
„ dimanganous diphos- 
phate, 191. 
„ manganous sulphate, 
190. 
Dimanganic dioi^dihydrate, 

„ hexachloride, 188. 

„ trioxide, 189. 

„ trisulphate, 190. 

Dimanganous silicate, 191. 
Dipotassic dimanganic tetrasul- 
phate, 190. 

„ manganate, ll39. 

„ manganous disul- 
phate, 190. 

„ permanganate, 190. 
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Manganese (cmHnu^d), 


Mangaiie«e pot4i8^ium alum, 190. ^^H 


Disulph n|iotassie tri manganous 


red, 191. ^^ 


1 dinulphide, 190. 


spar, 190. 1 


Hartman^m, 189. 


Manganite, 189. ^^M 


Hausmanito, 189. 


Mannite, 27 L ^^^| 


HelFiTie, 19 L. 


Manufacture of nitric acid, 6^. ^^^| 


Hetepocline, 191, 


>larble. 160. ^H 
Marks of aiomicitjt 18. ^^^| 


Hexmanganicmonosilicate, 191. 


Manganese aluminium almn, 


Marsb>gad, 2M. ^H 


VM 


HerieB, hydrides of, ^^H 


blonde, 190. 


232, ^H 


„ potassium alum, 


type, 20L ^H 


im 


Martial pyrit^, 193. ^^M 


„ fiiliciferous, 191. 


Matloekit^, 181. ^^^^M 


spar, 190. 


Meadow-aweet, oil of, 330. ^^^^1 


Manganic chloride, 188, 


Measures of capo eity, 33. ^^^^H 


., oxide, 189. 


lengtb;;i3. ^^H 


„ perfluoride, 188. 


Burfaeo. 33. ^^^H 


Man^nito, 189. 


,, weight, .34. ^H 


Manganoua aluminic disilicate, 


Measures, weights and, 32. ^^^M 


191. 


Mcereehaum, 103l ^^H 


„ chloride, 188. i 


Melene, 214. ^^1 


„ aluminic tftrdfiul- 


Mendipite, 182. ^^H 


pbate, mX 


Mendius's reaction^ 248. ^^^| 


„ cyrboTiate, l9iX 


Mercaplan, 251. ^^H 


„ diliydrie sulphate, 


Msrctixy, 1C>8. ^^M 


lya 


Oinnubar, 168. ^^B 


„ dinianganic tetroi- 


Dihydric trimercurio dinitrftte, ^^H 


ide, 189. 


^H 


„ dimangatiic tetros- 


Dimercuroufidinitmte, 1G9. ^^H 


idedlhydmte,189. 


Hexahjdric trimcrcurous tetm> ^^^| 


,^ dipotasAic tlisul* 


nitrate, 1{>9. ^^1 


phatA 190. 


Hom-mereuryt If^* ^^| 


„ hfdmte. 188. 


Merciu-oufitetrahydricdinitrate, ^^H 


okide, 18U- 


^H 


„ silicate, 191. 


Mercurammonic chloride, 170. ^^^| 


,j sulphide, 190. 


Mercuric amvlide, :384. ^^H 


Potassium manganefie alum, 


chloride. 1G8. ^^M 


190. 


ethide, :B6. ^H 


Pfiiloniokne, 189, 


ethobromide, 386. ^^H 


PyroluHite, 189. 


ethohydratet aS7. ^^B 


Bed immganeee, 191. 


ethon'itrnt'e. 391. ^^H 


Kothbniunsteirierz, 19L 


iodoethide. 389. ^^H 


Rotber MangHnkioBel, 191. 


methide, 387. ^^H 


Siliciferous manganese, 191. 


methiodide, 387> ^^B 


Schwarzer Manganfeicsol, 191. 


inetbohydntte, 387^ ^^H 


Tephroite, 19h 


oxide, lVi8. ^^H 


Triglucinic tetra manganous tri- 


sulphate, 168. ^^M 


silit^te flidphide, 19 L 


sidpbide, 108. ^^M 


' Trimanpanic tetroxide, 189, 


MercuroBodiammonic dichlo- ^^H 


Varricite, 189. 


ride, 169, ^H 


MangaBe^e aluminiutn alum, 190. 


MereiiruAomercuro-diammonic ^^^| 


1 „ blende, 190. 


diddonde, 170. ^^1 


^^ 


t2 ^M 



412 



INDEX. 



Mercury (continued). 

Mercureus chloride, 168. 

„ dimerouricdinitrate, 

169. 

„ oxide, 168. 

„ sulphate, 168. 

„ sulphide, 168. 

Methohydrate, mercuric, 387. 

Organo-mercuric compounds, 

382, 386, 389. 
Tetrahydrio dimercuric dini- 
trate, 169. 
„ mercuric dinitrate, 

169. 
„ mercuroufl dini- 

trate, 169. 
Tetraraercuric carbonate, 169. 
Trimercuric carbonate, 169. 
„ diamide, 170.- 

„ sulphate, 168. 

Turpeth mineral, 168. 
Vermilion, 168. 
White precipitate, 170. 
Metaboric acid, 54. 
Metaldehjde, 294. 
Metalloicfs, 6. 

„ names of, 6. 

Metals, 6. 

Metaphosphates, 117. 
Metastannic acid, 105. 
Metasulphantimonitos, 137. 
Metasulphantimonite, sulphargen- 
tic, 137. 
„ sulphocu- 

prous, 137. 
„ sulphofer- 

rous, 137. 
„ sulphoplum- 

bic, 137. 
Methide, aluminic, 389. 
boric, 386. 
mercuric, 391. 
potasaio-zincic, 391. 
tellurium, 391. 
zincic, 386, 391. 
Methoxyl, 203. 
Methyl, 208. 
Methyl acetone, 360. 
„ benzone, 361. 
„ benzoyl, 361. 
„ series, hydrides of the radi- 
cals of, 232. 
„ series of alcohols, 245, 246. 



Methyl senes, normal alcohols oil 
245,246. 
„ seriee, secondary alcohols of, 

245,252. 
H series, tertiary alcohols of, 

245,254. 
„ series, normal radicals of, 

207,208. 
„ series, preparation of normal 

radicals of, 209. 
„ series, secondary radicals of, 

208. 
„ series, tertiary radicals of, 

208. 
„ type, 201. 
valeraL 360. 
Methylamine, 365. 
Methylated acetone, 360. 
Methylenic chloride, 287. 

iodide. 287. 
Methylethylamine, 366. 
Methylethyl-phenylamine, 367. 
Methylic chloride, 285. 

„ chloride, dichlorinated, 

285. 
„ chloride, monochlorinated, 

285. 
„ chloride, trichlorinated, 

285. 
„ oxide {Methylic ether\ 274. 
Metre, 33. 

Micaceous iron, 192. 
Miloschine, 177. 
Modes of chemical action, 1. 
Molecular combination, 30. 
„ union, 30. 
„ volume, 2. 
„ volumes, table of, 3. 
„ weight, 2. 
Molecules, 2. 

„ diatomic, 3, 19. 
„ elementary, 2. 
„ hexatomic, 3. 
„ monatomic, 3, 19. 

„ tetratomic, 3. 
,, triatomic, 3, 19. 
Monacetic glycol, 362. 
Monaoetin, 362. 
Monacid alcohols, 244, 245. 
„ alcohols, secondary, 252. 
„ alcohols, tertiary, 254. 
„ alcohols, normal, of the 
phenyl series, 258, 260. 



^^^^^^ 1 


^^HHidid sloohols of the phenjl 


Monobaaio adds, d&finition of, 9. M 


^^"■^ series, 258. 


boric aoid, .54. ^^f 


I „ iilcobols of the Tinyl series, 


organic acids, 2l)G. ^^| 


^.tT). 


Monobromhenzol, 2lid. ^^H 


Monfld basyJoiM radfcivls, 2«>7. 


Monochlor benzol, 241. ^^H 


1 „ compouad radicals, 27. 


Monochlorhydrin, 2+>9, ^^U 


JK „ elements, 145, IMJ, 


Monoohlorixiaifeed methylic chloride, 1 

2^5. 1 


^B „ positive radicods, lialoid 


^ ethen* of, 2&X 282. 


„ propylio glycol, 1 


I Monadelpliic type, 201 , 202. 


20U. ■ 


Monatls, definition of, 20. 


Monomagnesic ailieate, 102. 1 


„ list of, 32. 


Monomethylarsenic acid, 380, 39(1, I 


Monalkalamides, 375. 


Morphine, 370. ^J 


Mon^midea, 372. 


Mountain -blue, 173. ^^H 


„ fornmtion of primary, 


Muriatic acid, 39. ^^H 


373. 


Kiargyrite, 137. ^^H 


„ prinmrjr, 372. 


Myeoriu, 172. ^H 


„ reaotions of primary, 


^^^B 


373. 


!Nam©8 of bswes, systematic and 1 


' „ secondary, 373. 


irregular, 8. 11. ^^B 


tertiary, 374. 


of elenienti^, 6, 7, ^^H 


Monanuoes, 3*54. 


irregular, 8, U. ^^H 


„ fornmtion of primarv, 


syf^teniatie, B, 11. ^^H 


3(M. 


trivial, 8, 11. ^^B 


J, formatioa of secondary, 


]!farDeine, 370. ^^H 


1 m[}. 


]Varootine, 370. ^H 


„ formation of tertiary. 


l^atural albdoids, 370. ^^1 


3(30. 


Keedle iron ore, 193. ^^^| 


„ Bieth jl series of priroary, 


Needle ore. 145. ^H 


304, 


Kegative elements, 4. M 


„ phenyl series of pri- 


„ compound radical.^, hv ■ 


^m mary, 3(54. 


driOes of. 2:12, 243. ^J 


^H „ methyl aeries of aecon- 


organic radicals, 207. ^^H 


^M dary, 36a 


Nickel, 11)7. ^ 


^H „ phenyl series of secoa- 


Capillary pyrites, 197. 


^m dary, Sm. 


Dihydric nickeloua Bulphat^e, 


^H primary, 304 


197. 


^H „ reaction of pniuaiT^ 


„ pentanickelona dicor- 


■ 365. 


bonale tetraby- 


^H „ recognition of primary, 


drate, 198. 


H 3^7. 


Biniclceloua sulphide, 197. 


^H „ recognition of secondary, 


Bipotasaie nickel ona di-sulphnte. 


B 367. 


198. 


f „ recognition of tertiary, , 
1 307. 


„ nickelous tricarbo- 


nate, 198. 


B „ eeeondarr, 304. 365. 


Grey nickel ore. 196. ^m 


1 „ tertiary /304, 3061 


JTair nickel. 197- ^H 


^H^ „ vinvl series of primary, 


Kupft^mickel, 198. ^H 
Kicket glanoe, 198. ^H 


B 3M. 


^H , , Tinyl series of secondary, 


Nickelic diaidphide, 197. ^H 


■ 305. 


hydrate, 197. ^H 


^^konatomic moleculeB, 3, 10. 


(^ide. 197. ^^M 


^HConobaaio acids, anhydrides of, 355. 


tetrarsenide, 198. ^H 


^^ 


^^^^B 
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Nickel {cantinved). 

Nickelous chloride, 197. 
diarsenide, 198. 
dihydric sulphate, 

197. 
dinitrate, 198. 
dipotassio disulphate, 

198. 
dipotassio trioarbo- 

nate, 198. 
hydrate, 197. 
oxide, 197. 
sulphide, 197. 
sulphide diaraenide, 
198. 
Nicotine, 370. 
Nitraniline, 242. 
Nitrates, 62. 
Nitric oxide, 61, 65. 
„ peroxide. 65. 
Nitride, boric, 56. 
Nitrides, general formula of, 376. 

„ negatiye, 376. 
Nitrites, 64. 
Nitrobenzol, 238, 241. 
Nitrocumol, 2:38. 
Nitrocymol, 238. 
Nitrogen, 60. 

„ caustic bases of, 377. 

„ compounds of triad, and 

its analogues, 3()3. 
„ compound of, with chlo- 
rine, 69. 
„ compounds of, with chlo- 
rine and oxygen, 66. 
„ compounds of, with hydro- 
gen, 67. 
„ compound of, with hydro- 
gen and iodine, 69. 
„ compounds of pentad, and 

its analogues, 377. 
„ organic compounds of, 363. 
„ oxides and oxacids of, 61. 
Nitrotoluol, 238. 
Nitrous chloride, 69. 

„ hydrodiniodide, 69. 
„ oxide, 61, 6t. 
Nitroxylol, 238. 
Nomenclature, 5. 

„ of acids, 9. 

Non-metals, 6. 

„ names of, 6. 

Nonylene, 214. 



Normal acids, 297. 

„ acids of the acrylic series, 

312. 
„ ' acids of the lactic series, 317- 
„ fatty acids, 298. 
„ monacid alcohols of phenyl 

series, 258, 260. 
„ olefine acids of the lactic 

series, 321. 
„ radicals of methyl series, 

207,208. 
„ radi(»ls of methyl series, 

preparation of, 209. 
„ salts, 12. 
„ salts of amines, 379. 
Notation, 14. 

„ chemical, 14. 

„ graphic, 23. 

„ symbolic, 14. 

„ of organic compoimds, 201. 

Ochre, bismuth. 141. 

„ vitriol, 194. 
Octylene, 213. 
(Enanth^lene, 213. 
Oil of bitter almonds, 295. 
„ of Qaultheria procumbens, 249. 
Okenite, 103. 
Olefine type, 202. 
Oleic series of acids, 312. 
Oligist, 192. 
Opal, 102. 
Organic antimonic acids. 380. 

„ arsenic acids, 380. 

„ arsenic chlorides, 380. 

„ arsenic oxychlorides, 380. 
bases, 364. 

„ bases, periodides of, 31. 

„ chemistry, 199. 

„ compounds, 199. 

„ compounds, classification 
ot206. 

„ compoimds, graphic for- 
mulae of, 205. 

„ compounds, notation of, 
201. 

„ radicals, 200, 207. 

„ radicals, basylous, 207. 

„ radicals, chlorous, 207, 221. 

„ radicals, negative, 207, 221. 

„ radicals, positive, 207. 
Organo-aluminic compounds, 389. 

„ antimony compounds, 390. 
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Organo-arsenic compounds, 390. 
„ bismuth compounds, 390. 
., cadmium compounds, 389. 
„ lead compounds, 388. 
„ magnesium compounds, 

389. 
jTn mercury compounds, 386. 
„ potassium compounds, 384, 
„ sodium compounds, 384. 
„ tellurium compounds, 388. 
„ tin compounds, 387. 
„ zinc compounds, 384, 389. 
Organometallic bodies, 381. 

bodies, constitution 

of, 388. 
bodies, definition of, 

381. 
bodies, formation of, 

382. 
bodies, reactions of, 

384. 
bodies, types of, 389. 
Orthose, 103. 

Orthosulphantimonites, 137. 
Ounce, 34. 

Oxacids of nitrogen, 61. 
Oxalates, 230. 
Oxamide, 231, 374. 
Oxamides, compound, 232. 
Oxatyl, 221, 228. 
Oxaiylic hydride, 243. 
Oxide, antimonious, 130, 131. 
„ bismuthic, 142. 
„ bismuthous, 139, 140, 141. 
„ carbonic, 58. 
„ chloric, 45. 
„ hydric, 43. 
„ hyperchlorous, 45. 
„ nitric, 61, 65. 
„ nitrous, 61, 64. 
Oxides of antimony, 130. 
„ of chlorine, 45. 
„ of nitrogen, 61. 
Oxyantimonic bases, 378. 

bases, salts o£, 380. 
Oxyarsenic bases, 377. 

„ bases, salts of, 380 
Oxybases, 363, 371. 
„ arsenious, 371. 
„ haloid compounds of, 363, 
376. 
Oxygen, 39. 

„ allotropic, 41. 



Oxygen compounds of carbon, 57. 
Oxysalts, definition of, 12. 
Ozone, 41. 

Papaverine, 370. 
Paraffin, 237. 
Paraldehyde, 294. 
Paramylene, 214. 
Parvoline, 367. 
Passau, porcelain clay of, 177. 
Pentad elements, 60, 107. 
Pentads, 32. 

„ definition of, 20. 
Peridote, 102. 
Periodates, 96. 
Perissads, 20. 
PetaHte, 176. 
Phenacite, 102. 
Phenyl, 212. 

series, ethers of, 276. 
series, hydrides of the radi- 
cals of, 237. 
series, monacid alcohols of, 

258. 
series, normal monacid alco- 
hols of, 258. 
series, radicals of, 211. 
series, secondary alcohols of, 
259, 260. 
Phenylamine, 365. 
Phenylene series, 220. 
Phenylic hydride, 238. 

iodide, 280. 
Phosgene gas, 59. 
Phosphate, triple, 119. 
Phosphates, 119. 
Phosphines, 363, 370. 

salte of, 380. 
Phosphonic iodide, 107, 109. 
Phosphoretted hydrogen, gaseous, 
108. 
„ hydrogen, liquid, 108, 

110. 
„ hydrogen, solid, 108, 

Phosphoric chloride, 107, 111. 

„ oxvtrichloride, 112. 

„ sulphotrichloride, 113. 

Phosphorite, 160. 
Phosphorous trichloride, 107, HI. 

„ trihydride, 107. 

Phosphorus, 107. 

„ allotropic, 108. 
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Phosphorus, amorphous, 108. 

„ compounds of, with oxy* 

gen and hjdrozyl, 

„ manufacture of, 107. 

„ organic compounds of, 

363. 
red, 108. 
Phycite, 270. 
Picoline, 367. 
Piperidine, 366. 
Platintixn, 178. 

Diplatosammonio oxide, 180. 
Gh^en salt of Magnus, 179. 
Platinic chloride, 179. 
„ hydrate, 179. 
„ oxide, 179. 
,, sulphide, 180. 
Platinoso-diammon diammo- 

nium dihydrate, 180. 
Platinoso-diammonio dichlo- 

ride, 179. 
Platinous chloride, 179. 
„ hydrate, 179. 
„ oxide, 179. 
„ sulphide, 180. 
Platinum, atomici^ of, 178. 

„ compounds of, 179. 
White compound of Beiset, 179. 
Plattnerite, 181. 

Plumbic compounds (see Lead). 
Plumbous compounds (see Lead). 
Polyacid alcohols, 270. 
Polybasic acids, definition of, 9. 
Porcelain clay, 177. 

„ of Passau, 177. 

Positive elements, 4. 
Potash, 147. 

„ caustic, 147. 
PotaAsiuxn, 145. 

Dipotassic aluminate, 176. 
„ aluminic hexasilicate, 

103. 
„ chromate, 186. 

, , chromous disulphate, 

187. 
„ cobaltous dicarbo- 

nate, 196. 
„ cobaltous disulphate, 

196. 
„ cuprio disulphate, 

172. 
„ dichromate, 186. 



Potanium (continued). 

Dipotassic dichromic tetrasul- 
phate, 187. 
„ diierrio tetrasul- 

phate, 194. 
f, disulphide, 149. 

„ ferrous disulphate, 

194. 
„ heptasulphide, 149. 

„ nickelous disulphate, 

198. 
M nickelous tricarbo- 

nate, 198. 
,f pentasulphide, 149, 

150. 
„ plumbate, 184. 

„ sulphide, 149. 

f, tetrasulphide, 149. 

„ trichromate, 186. 

„ trisulphide, 149, 
150. 
Hydric potassic tartrate, 132. 
t, sodic potassic phos- 
phate, 119. 
Normal potassic chromate, 186. 
Potassic antimonylic tartrate, 
132. 
aurate, 174. 
bichromate, 186, 
carbonate, 151. 
chloride, 145, 147. 
chlorochromate, 188. 
chromate, normal, 186. 
ethide, 389. 
dioxide, 148. 
ferrate, 193. 
ferricyanide, 227. 
ferrocyanide, 226. 
fluoride, 147. 
hydrate, 145, 147. 
iJdide, 145, 147. 
oxide, 148. 

perchlorate, prepara- 
tion of, 50. 
peroxide, 149. 
sulphide, 145. 
sulphocarbonate, 73. 
sulphocyanate, 228. 
sulphhydrate, 149. 
terchromate, 186. 
tetroxide, 148, 149. 
Potassiozincic ethide, 391. 
Potassiozincic methide, 391. 
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Potassimn (continued). 

Potassium chrome alum, 187. 
„ compounds of, 147. 

„ compounds of, with 

bromine, 147. 
„ compounds of, with 

chlorine, 147. 
„ compounds of, with 

fluorine, 147. 
„ compound of, with 

hydrosulphyl, 149. 
„ compound of, with 

, iodine, 147. 

„ compounds of, with 

oxygen, 148. 
„ compounds of, with 

sulphur, 149. 
„ iron alum, 194. 
„ manganese alum, 190. 
Tetrapotassic dichromosulphate, 
187. 
Potassoxyl, 28. 

Positive compound radicals, hydrides 
of, 232. 
„ dyad radicals, haloid ethers 

of, 281, 287. 
„ monad radicals, haloid ethers 

of, 280, 282. 
„ organic radicals, 207. 
„ triad radicals, haloid ethers 
of, 281. 
Powder, bleaching, 48. 
Prehnite, 176. 
Propione, 360. 
Proportion, combining, 2. 
Propoxyl, 203. 
Propyl, 208. 
Propylene, 213. 
Propylenic bromide, 288. 
„ chloride, 288. 

iodide, 288. 
Propylic glycol, monochlorinated, 

Propylic iodide, 280. 
Proustite, 125. 
Prussian blue, 227. 
Pseudorcin, 270. 
Psilomelane, 1S9. 
Purpureo-cobalt chloride, 196. 
Pyridine, 367. 
Pyrites, capillary, 197. 
cobalt, 196. 
„ copper, 194» 



Pyrites, iron, 193. 

„ magnetic, 195. 

„ martial, 193. 
Pyrolusite, 189. 
Pyromorphite, 119. 
Pyrophosphates, 118. 
PyrophyUite, 103. 
Pyrosulphantimonites, 187. 
Pyroxylic spirit, 249. 

Quadrantoxide, cuprous, 171. 
Quartz, 102. 
Quicklime, 161. 
Quinine, 370. 

Badicals, acetylene series of, 217. 

„ compound, 26. 

„ compound basylous, hy- 
drides of, 232. 

„ compound,chiefinorganic, 
list of, 28. 

„ compound, chief inorganic, 
symbols of, 28. 

„ compound, definition of, 
27. 

„ compound, dyad, 27. 

„ compound, monad, 22. 

„ compound, triad, 27. 

„ dyad basylous, 212. 

„ dyad, relations of succinic 
series to, 340. 

,, haloid ethers of the dyad 
positive, 287, 281. 

„ haloid ethers of the monad 
positive, 280, 282. 

„ haloid ethers of the triad 
positive, 281. 

„ hydrides of positive com- 
pound, 232. 

„ monad basylous, 207. 

„ monad, relations of, to 
fatty acids, 302. 

„ negative, hydrides of, 232, 
243. 

„ normal, of the methyl se- 
ries, 207, 208. 

„ normal, of the methyl se- 
ries, preparation of, 209. 

„ of the phenyl series, 211. 

„ of the phenyl series, hy- 
drides of, 237. 

„ of the vinyl series, 210. 

„ organic, 200. 
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Seleniurettcd hydrogen, 84. 


^K eerier. 208. 


Senannontite, 13L 


^H simple, 26. 


Serpentine, 103. 


^H „ tertiary, of the metliTl se* 


Signs, use of. 16. 

Saicatee, Kti. 


■ riPs, 2(>S. 


^^L triad basjlousr 220, 


AliiBiinic calcic disilicate. 108. 


^^^^H Rational formulie, 17. 


It calcic trisilicate, 1*)3, | 


^^^H Bazoumoffakin, ITB, 


tpicalcietridilicate,103.j 


^^^ Beolgar, 124. 


Anorthite, lO^i. ] 


^V Bed antimonj, 1S5. 


Calcic magnetic disiliijat©, 103. 


^H „ cMjpper ore, 17L 


ChloFopal, 103. i 


^M „ hiemittit^. 192. 


Diglucimc silicate, 102, 


H ,, lead, I8L 


Dihydric almninic tetragilicatfli 


^H „ lead ore, 1B7. 


103. 


^H manganese, 191. 


t, trimngneaic diailicatd, 


^H „ phosplioruB. 106. 


103. i 


^H „ ailrer ore, 154. 


Bimagnesio silicate, 102. | 


^^^ „ zinc, m4. 


Diopside, 103. 1 


^^^H Beiset, wliite compound of, 179. 


Dioptaee, 173. ' 


^^^H Bock-crystal, U)2. 


Dip^iaaaic aliiminic hexasilicatet 


^^^B Boseo-cobalt chloride, 106, 


T03. 


^^^H Bothbraun^^teinerz, 1V»1. 


Bizincio altiminic haxamluMta 


^^^ Bother Mangaukieael, 191. 


1^2. 


^r Bubidium, 153. 


I>i7.i rconic ^uminic hexasilicata 


H Buby ore, 171. 


102. 


■ Butile, lOa 


Emerald, !a3. 




Enstatite, 102. 


H Salt eake. 152. 


Felipar, 103, 


^H BaltA, acid, deQuition of, 13. 


Ferric triailicat*. 103. 


^H ammonie. (>7. 


GrosHularia. 103. 


^H „ bfL^ic. definition of, 13. 


Hydric cupric silicates bjdpata 


^H „ definition of, 12. 


173. 


H „ ethereal 243. 3i31. 


Labradorito, 103. 


^1 „ hiiloid, definition of, 12. 


MeerBehaum, ia3. 


^H „ neutral, definition of, 12. 


Monomagnesic ailicafcB, 102, 


^H „ normal, doPinition of, 12* 


Okenite, 103. 


^H t! oxT-, definition of, 12. 


Orthose, 103. 


^B Buipho-, definition of, 13. 


Peridote. 102. 


H Band, 102. 


Phenacite, 103, 


^B Banonite, 178. 


Pyrophyllite, 103. 


^B Sdieele*-s green, 122, 


Serpentine, 103. 


^m Sehwarzer Mangankiesel, 191. 


Steatito, 103. 


^H Sehweinfurt men, 123. 

^H Secondary alcohoU of th© plienyl 


Talc, ia3. ! 


Tetrahvdric ctdcic disilicatai 


^1 Beries, 2.59, 2f30. 


103." 


^^^^. monacid alcohols, 252. 


„ dimftgnesic trmi 


^^^^B Tadimb of the methyl 


liciite, las. 


^^^F series, 203. 


Tetramagnesic penUj*ilicatai 


^V Selenite, 160. 


10:3. 


^^^ Selenium, 84. 


Triglucinie aluminic hexa«ilir 


^^^K chlorideii of, 84, 


cate, \m. 


^^^H compoond-4 of. with oiy- 


Trimagneaietetrasilicate. 103. 


^^^^^^H gen and liydroxyl, 85. 


Willemite, 102 , 
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Silicates {confimied). 


Spirit of wine, 250. ^H 


Zircon. ItJ'i- 


8i>odumene, 176. ^^H 


Silicic bromide, 100, 


Stannic compounda (see Ti;i). ^^H 


„ chloride. t>9. 


Stannous coiimoui^da (see Tin). ^^H 
SUitical f brmulie, 2G, ^^H 


„ etliide, 31^5. 


„ fiuoride, 100. 


Stearin, 208. ^H 


„ hydride, ta 


Steatite, 103. ^^1 


„ sulphide, IQi. 


Stibines, 303, 370. ^H 


Silidforous manganeae, 191. 


Biilta of, 380. ^^H 


Silicium, 97. 


Stibnite, 130. ^H 


Silicon, 07. 


Strontiamt^. 100. ^^1 


„ adamantine, 98. 


Strontic etirbonute, 100. ^^1 


„ amorphous, 97. 


chloride, 159. ^^H 


„ compoiiiidB oC with oxygen 


hydrate, 159. ^^1 


and hydroxyl, 101. 


oxide, 159. ^^H 


„ graplntoidal, 98, 


peroxide. ICK). ^^H 


Sillimanibe, 177. 


sulpbate, 160. ^^M 
StrontiiDn, 159. ^^H 


Simple radieoLi, 26. 


Biibatancesi 1. 


Btruyite, 103. ^^H 


Silver, 1.54. 


Strychnine, 370. ^^M 


Ai'gentio chloride, 154, 15.5, 


Bubtjtancea, ooiupomid, 1. ^^H 


„ hydrate, 155. 


aimple, 1. ^1 


iodide, IM, 155. 


Substitution derivatiTM of beniol, 


„ nitrate, 154. 


239. 


oside, 154, 155. 


Suocinamide, 374. 


„ pt^roxide, 155* 


Succinic senea of acida, .339. 


„ aidphatc, 154. 


„ eerics, rehitions of, to acetio 


Argeiitide, anrimonious, 127. 


sericH, 34L 


Ai*genloufl oxide, 155. 


„ series, rektions of, to dyad 


Silter, eompoiinda of, with oij- 


rtKlieala, 340. 


gen, 155. 


J, aeriee, relation*i of, to lactic 


,» fflance, 154. 
p, horn, 154. 


eeriea and to glycolB, 


34<>. 


„ ore, dark-red, 154. 


Suocinimide, 373, 376. ^h 


TriBidphargentic Hulphantimo* 


Sulphantimome anhydride, 138* ^^^| 


nite, 137. 


Sulphantimonites, 137. ^^^B 


Sodfl ash, 152 


Sulpbantimonious imliydride, 136* V 


Sodio carbonate, 151. 
ty chloride, 151, 


Sulphargentic metaj^ulphantiinomte, J 


„ hjdrate, 151. 


Rulpharsembe, 125. ^^M 


„ oxide, 15L 


Sulphates, 79, 80« ^H 


„ nitrosulphat^, 70. 


SuIphbydrateH, 71. ^H 


„ pynrntimoniate, 135. 


S ulph hyd rie acid, 7 1 , ^^^| 


„ sulphide, 152, 


Sulphide, antimonic, 130. 138. ^^1 


Sodio-mxcic etliide, 391. 


antimonious, 130. ^^H 


Bodinm, 151. 


ar^nic, 124, 125. ^H 


Solid phoiphoretted hydrogen, 106, 


arseniouH, 124 ^^H 


no. 


bidmuthou3, 144. ^^H 


Spar, lead, 18:i 


borio, ^. ^^M 


„ manganese, 190* 


Sulphides. 7i. ^^M 


Spathic iron ore, 195. 


Sulphites, 76. ^^M 


Speeidtir iron, 192. 


SulphobiHmuth[t4!S, 145. ^^H 


Spinelle, 176. 


SulphocarbonateB, 73. ^^M 
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^^^f €u1phooapro0orerroud pyi-osolphan- 


TellurouA diethlodide* 388, 300. 


^^^^^ Urn unite, 137. 


diethosulphate, 388. 


^M Sutphf^uprous melftdulpiumtimo- 


Tmaperatures, 34. 


■ nir«, mr. 


Tertiary acids of tJie iatty ierie^ 2^, 


^M Solpboforroua meto^ulphttatimomte, 


31 L 


^^^ K57. 


diamines, 368. 


^^^^LiBulpholiTciriite, cupric, 171. 


», monaoid alcohols, 254. 


„ monamides, 374, 


^^^^ Sulplioplimibio metasidplmtitiino- 


„ moruiminoa, 304, 366. 


■ nit«, 137. 


„ monnrsinefl, 377. 


^^^^^ „ pTroaulpbantimo- 


„ radicjib o f the methyl ^nm, 


^^^H * nite, 137. 


2m. 


^^^^r mlpbobiamuthite, 


Tetraoldoride, carbonio, 67. 


Tetrad element*. 57, 175, 178, 180. 


^M Sulphosaltfl, deflnition of, 12. 


TetradM, deiinition of, 20* 


^B S 111 pli4 i8ul p!itit«i», 8 i . 


list of, 32. 


^M iSulphurr (tVK 


Tetmdymit^, 145. 


^^ «Iou1iol, 251, 


Tetraminea, 364 


^M „ ftllotropio Yarieties of, 70, 


Tetratoinic moleoidea, 3. 


^H ,, on aimlogu6 of osjrgcn, 70. 


Tetretliylammonic hydrate, 377. 




Tetrethylar«onic cMoride, 12lX 


^H Ions or pofiitiv© elements. 


TetrethH aUlx«nic chloride, 125. 


H 


ThalUcWbjnate, 153. 




„ chloride. 153. 


^M ftiid bydroxyl, 74. 


„ nitrate, 153. 


^M BulpHurettetl hydrogen' 71, 
^^^^ Sulphuric dioxydicliioride, 70. 


„ axide, 153. 


„ perchloride, 153. 


^^^KlBiirfftoe, mea^tira^t of. 33. 


„ peroxide, 153. 


^^^V BymboUo notation, 14. 


„ sulphate, 153. ^^ 


H Symbokfi, 14. 


sulphide, 153. ^^M 
Tlmllium, 1;>3. ^M 


^B ,, of chief inorgaoio eom- 


poutid radicals, 28. 


Thebainc, 370. ^H 


,, table of, 6. 


Tliick l8tt<?rs, use of, 13. ^H 


Systematic naniea, 8, 


Tincal 55. ^M 


„ nifcmes of bases, IL 


Tin, im. ^M 




Distounic hexethcodde, 390l^H 


Table of atomic weights, i^. 


Hypostannic ethide, 387* 1 


„ chlorous elements, 4* 


elhodimodide,387. f 


,f elements, 6. 


Etaiimc acid, 1(>4. 1 


„ metalloids, (>, 32. 


„ anbvdrido. 104. J 


„ molecukr voluinea, 3» 


ti oldjride, KM. ^.^J 


„ non-tnetals, tij 3:2. 


chlorodiethide. 38^^H 


! „ symboK 6. 


H ehlorotrit^thide, 38^^^| 


Talc, 103. 


ethide, 387, 390. ^H 


Tortur, cream of, 132* 


ff cthodimethide, 387J^H 


emetic, 132, 


„ iododiethide, 387. SM| 


Tartaric op glyoxvloid Berioa of acida. 


,, iodotrietliide, 387, B^M 


3.^1. * ' i 


,1 iododimetiddc, 39^^^| 


Telluric bwmuth, 145. 


iodotriu\etliide, 3\^^^| 


Telluriiim, 85. 


inethide. 392. ^^1 


J, porapounda of, 86, 


oxide, im, ^H 


„ ethide, 388, 


,» sulphide, 105» ^^M 


Tellurotts diothoxido, 388, 3^0. 


„ trietbohy djrate, 387.39a - 


^^^^^^^^ 


m. . \ 
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Tin (continued). 

Stannous chloride. 104. 
etihide, 387. 
hydrate, 104. 
oxide, 104. 
stannate, 105. 
sulphate, 106. 
sulphide, 105. 
sulphostannate, 105. 
Stanntriethyuc alcohol, 388. 
„ chloride, 388. 

ether, 388. 
„ haloid ether, 

388. 
Tin, compounds of, 104. 
Titanic acid, 106. 
„ anhydride, 106. 
„ oxide, 106. 
„ sulphide, 106. 
„ tetrachloride, 106. 
Titanium, 106. 

„ compounds of, 106. 
Titanous oxide, 106. 
Toluol, 237. 
Triacetin, 362. 

Triaoid alcohols, 244, 245, 267. 
„ alcohols, ethers of, 279. 
Triad hasylous radicals, 220. 
„ compound radicals, 27. 
„ elements, 61, 174. 
„ positive radicals, haloid ethers 
of, 281. 
Triadelphic type, 202, 203. 
Triads, definition of, 20. 

„ list of, 32. 
Trialkalamides, 375. 
Triamides, 375. 

„ primary constitution of, 

375. 
„ secondary and tertiary, 

375. 
Triamines, 364. 

„ diacid salts of, 379. 

„ monacid salts of, 379. 

„ normal salts of, 379. 

Triamylamine, 367. 
Triamylstihine, 128. 
Triatomic molecules, 3, 19. 
Tribasic acids, 352. 

„ acids, aoonitic or acryloid 

series, 353. 
„ acids, citric or lactoid series, 
353. 



Tribasic acids, desoxalio or glyoxy 
loid series, 353. 

„ acids, tricarballylio or ace- 
toid series, 352. 
Tribrombenzol, 240. 

„ hydrobromate, 240. 

Trichloraniline, 376. 
Trichlorbenzol, 241. 
Trichlorhydrin, 282, 289. 
Trichlorinated &c. amines, 363, 375. "^ 
„ methylic chloride, 

285. 
Triethylamine, 367. 
Triethylarsine, 371. 
Triethylphosphine, 371, 385. 
Triethylstibine, 128. 
Triethylsulphine iodide, 70. 
Trimercuric diamide, 170. 
Trimethylamine, 367. 
Triphylline, 152. 
Triple phosphate, 119. 
Trisodic phosphate, 119. 

„ sulphophosphate, 114. 
Trititanic tetranitride, 106. 
Trivial names, 8. 
TumbulPs blue, 227. 
Turpcth mineral, 168. 
Type, ammonia, 202. 

„ ammonic chloride, 202. 

„ condensed diadelphic, 202, 
203. 

„ diadelphic, 201, 202. 

„ double monadelphic, 202, 203. 

„ marsh-gas, 201. 

„ methyl, 201. 

„ monadelphic, 202, 201. 

„ olefine, 202. 

„ triadelphic, 202, 203. 
T^pea of organic compounds, 201. 

Union, molecular, 30. 
Urea, 368. 

„ a diamine, 369. 
„ derivatives of, 368. 
„ formation of, 368. 
„ reaction of, o69. 
Use of signs, 16. 
„ of the bracket, 16. 
„ of the crith, 35. 
„ of thick letters, 16. 

Valentinite, 131. 

Variation of atomicity, apparent, 20. 
U 
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Variation of atomicity, law of, 21. 

Varietiefl of sulphur, 70. 

Varvicite, 189. 

Vermilion, 168. 

Viyianite, 119. 

Vinyl series, ethers of the, 272, 276. 

„ series, monacid alcohols of 
the, 255. 

„ series, radicals of, 210. 
Vitriol, lead, 182. 

„ ochre, 194. 
Volume, molecular, 2, 3. 
Volumes, 3. 

„ law of, 3. 

Water, 43. 

„ of crystallization, 30, 43. 
Wavellite, 119. 
Weight, atomic, 2. 

„ measures of, 34. 

„ molecular, 2. 
Weights and measures, 32. 

„ atomic, tahle of, 6. 
Wemerite, 177. 
White compound of Beiset, 179. 

„ lead ore, 183. 
Willemite, 102, 165. 
Witherite, 166. 
Worthite, 177. 



Xenolite, 177. 
Xylol, 237. 

Zinc, 164. 
„ hlende, 164. 

„ compound of, with oxygen, 16fi 
» glass, 165. 
Zincic amide, 386. 

„ amylide, 391. 

„ carbonate, 164, 166. 

„ chloride, 164. 

„ dinitroethylate, 385. 

„ ethide, 381, 389. 

„ ethiodide, 385. 

„ ethylate, 381. 

„ hydrate, 164, 166. 

„ methide, 391. 

„ methide ethylate, 386. 

„ methyldithionate, 386. 

„ oxide, 164, 165. 

„ propionate, 385. 

„ succinate, 381. 

„ sulphate, 166. 

„ sulphide, 164. 
Zincide, antimonious^ 128. 
Zincozyl, 28. 
Zircon, 102. 
Zoisite, 176. 
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